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Abstract
We address issues related to (i) a proposal for resolving a long-standing tension between large vol-
ume cosmology and phenomenology as regards reconciliation of requirements of different gravitino masses
within the same string-theoretic framework, as well as (ii) evaluation of soft supersymmetry breaking
terms and open-string moduli masses in the context of type IIB large volume compactifications involv-
ing orientifolds of the Swiss-Cheese Calabi-Yau WCP4[1, 1, 1, 6, 9] with a single mobile space-time filling
D3-brane and stacks of D7-branes wrapping the “big” divisor ΣB as well as supporting D7-brane fluxes.
In addition, we also include perturbative α′-corrections and non-perturbative world-sheet instanton cor-
rections to the Ka¨hler potential as well as Euclidean D3-instanton superpotential. First, using the toric
data for the aforementioned Swiss-Cheese Calabi-Yau and GLSM techniques, we obtain in the large vol-
ume limit, the geometric Ka¨hler potential for the big (and small) divisor(s) in terms of derivatives of
genus-two Siegel theta functions. Next, we show that as the mobile space-time filling D3-brane moves
from a particular non-singular elliptic curve embedded in the Swiss-Cheese Calabi-Yau to another non-
singular elliptic curve, it is possible to obtain 1012GeV gravitino during the primordial inflationary era
as well as, e.g., a TeV gravitino in the present era, within the same set up for the same volume of the
Calabi-Yau stabilized at around 106l6s. Then by constructing local (i.e. localized around the location
of the mobile D3-brane in the Calabi-Yau) appropriate involutively-odd harmonic one-form on the big
divisor that lies in coker
(
H
(0,1)
∂¯,−
(CY3)
i∗→ H(0,1)
∂¯,−
(ΣB)
)
and extremizing the potential, we show that it is
possible to obtain an O(1) gYM from the wrapping of D7-branes on the big divisor due to competing
contributions from the Wilson line moduli relative to the divisor volume modulus. To permit gaugino
condensation, we take the rigid limit of the big divisor by considering zero sections of the normal bundle of
the same - the same being justified by the extremization of the potential. For the purposes of calculation
of the gaugino masses, matter moduli masses and soft supersymmetry breaking parameters, we restrict
the mobile D3-brane to the big divisor - this has the additional advantage of nullification of the superpo-
tential generated from gaugino condensation. With the inclusion of the matter moduli corresponding to
the position moduli of the mobile D3-brane and the Wilson line moduli corresponding to the D7-branes,
we obtain gaugino masses of the order of gravitino mass and the matter fields’ masses to be enhanced
relative to the gravitino mass. The anomaly-mediated gaugino masses are found to be suppressed relative
to the gravity-mediated gaugino masses by the standard loop factor. New non-zero contributions to the
µ-terms, though sub-dominant in the large volume limit, are obtained from section of the (small) divisor
bundle encoding information about the ED3-instanton fluctuation determinant. filling D3-brane and the
Wilson line moduli. There is a (near) universality in the masses, µˆ-parameters, Yukawa couplings and
the µˆB-terms for the D3-brane position moduli - the Higgs doublet in our construction - and a hierarchy
in the same set and a universality in the A terms on inclusion of the D7-brane Wilson line moduli.
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1 Introduction
In the context of string compactifications, obtaining dS vacua and realizing the Standard Model have been
the two major issues for a long time. In the context of realizing dS vacua, the complex structure moduli and
the axion-dilaton modulus were stabilized with the inclusion of fluxes [1, 2] and the Ka¨hler moduli could be
stabilized only with inclusion of non-perturbative effects. A supersymmetric AdS minimum was obtained
in Type IIB orientifold compactification which was uplifted to a non-supersymmetric metastable dS by
adding D3-brane, in [3]. Subsequently, several other uplifting mechanisms were proposed [4]. In a different
approach with more than one Ka¨hler modulus in the context of the Type IIB orientifold compactification
in the large volume scenarios, a non-supersymmetric AdS was realized with the inclusion of perturbative
α′3 correction to the Ka¨hler potential which was then uplifted to dS vacuum [5]. Followed by this, again in
the context of Type IIB orientifold compactification in large volume scenarios, it was shown in [6] that with
the inclusion of (non-)perturbative α′ corrections to the Ka¨hler potential and instanton corrections to the
superpotential, one can realize non-supersymmetric metastable dS solution in a more natural way without
having to add an uplifting term (via inclusion of D3-brane).
On the way of embedding (MS)SM and realizing its matter content from string phenomenology, the ques-
tions of supersymmetry breaking and its transmission to the visible sector are among the most challenging
issues - the first being mainly controlled by the moduli potentials while the second one by the coupling of
supersymmetry-breaking fields to the visible sector matter fields. The breaking of supersymmetry which
is encoded in soft terms, is supposed to occur in a hidden sector and then communicated to the visible
sector (MS)SM via different mediation processes (e.g. gravity mediation, anomaly mediation, gauge media-
tion) among which although none is clearly preferred, gravity mediation is the most studied one due to its
efficient computability. However there was a problem of non-universality in gravity mediation of supersym-
metry breaking to the visible sector that has been addressed (see [7, 8]) with the arguments that the Ka¨hler
moduli sector (which controls the supersymmetry-breaking) and the complex structure moduli sector (which
sources the flavor) are decoupled at least at the tree level resulting the flavour universal soft-terms, though
it has been argued that the non-universality can appear at higher order. Further it has been discussed that
the small experimental FCNC constraints at low energy can be translated to the non-universal soft scalar
masses at energy ∼ GUT scale [9].
The study of supersymmetry-breaking in string theory context has been initiated long back [10] and a lot
of work has been done in this direction (see [8, 11, 12, 13, 14, 15] and references therein). A more controlled
study of supersymmetry-breaking has been possible only after all moduli could be stabilized with inclusion
of fluxes along with non-perturbative effects. Since it is possible to embed the chiral gauge sectors (like
that of the (MS)SM) in D-brane Models with fluxes, the study of D-brane Models have been fascinating
since the discovery of D-branes [16, 17, 18, 19]. In a generic sense, the presence of fluxes generate the soft
supersymmetry-breaking terms, the soft terms in various models in the context of gauge sectors realized on
fluxed D-branes have been calculated [14, 15, 20, 21, 22, 23]. In the context of dS realized in the KKLT
setup, the uplifting term from the D3- brane causes the soft supersymmetry-breaking; (also see [14, 15] for
KKLT type models).
Similar to the context of dS realization and its cosmological implications, the models in L(arge) V(olume)
S(cenarios) have been realized to be exciting steps towards realistic supersymmetry-breaking [5, 8, 13, 24,
25, 27] with some natural advantages such as the large volume not only suppresses the string scale but
also the gravitino mass and results in the hierarchically small scale of supersymmetry-breaking. Also unlike
the KKLT models in which the anomaly mediated soft terms are equally important to that of the gravity
mediated one [14], in some of the Large Volume models, it has been found that the gaugino mass contribution
coming from gravity mediation dominates to the anomaly mediation one (the same being suppressed by the
1
standard loop factor) [8, 13] and the same can be expected for the other soft masses as well. Further the study
of LVS models in the context of N = 1 type IIB orientifold compactification in the presence of D7-branes,
has been quite attractive and promising for the phenomenological purposes as in such models, D7-brane
wrapping the smaller cycle produces the qualitatively similar gauge coupling as that of the Standard Model
and also with the magnetized D7-branes, the Standard Model chiral matter can be realized from strings
stretching between stacks of D7-branes [8, 23, 25, 28, 29]. In one of such models, RG evolutions of soft-
terms to the weak scale have been studied to have a low energy spectra by using the RG equations of MSSM
(assuming that only charged matter content below the string scale is the MSSM) and it was found that with
D7 chiral matter fields, low energy supersymmetry-breaking could be realized at a small hierarchy between
the gravitino mass and soft supersymmetry-breaking terms [8]. A much detailed study with fluxed D3/D7
branes has been done in the context of N = 1 type IIB orientifold compactification [23, 25, 29] and it has
been found that the N = 1 coordinates get modified with the inclusion of D3 and D7-branes. The gauge
coupling of D7-brane wrapping a 4-cycle depends mainly on the size modulus of the wrapped 4-cycle and
also on the complex structure as well as axion-dilaton modulus after including the loop-corrections, which
in the diluted flux limit (without loop-corrections) was found to be dominated by the size modulus of the
wrapping 4-cycle [25, 30]. In the models having branes at singularities, it has been argued that at the leading
order, the soft terms vanish for the no-scale structure which gets broken at higher orders with the inclusion
of (non-)perturbative α′ and loop-corrections to the Ka¨hler potential resulting in the non-zero soft-terms
at higher orders. In the context of LVS phenomenology in such models with D-branes at singularities, it
has been argued that all the leading order contributions to the soft supersymmetry-breaking (with gravity
as well as anomaly mediation processes) still vanish and the non-zero soft terms have been calculated in
the context of gravity mediation with inclusion of loop-corrections [13]. In the context of type IIB LVS
Swiss-Cheese orientifold compactifications within D3/D7-branes setup, soft terms have been calculated in
[25]. Recently supersymmetry breaking with both D-term and F-term and some cosmological issues have
been discussed in [27].
Further, there has been a tension between LVS cosmology and LVS phenomenology studied so far. The
scale required by cosmological/astrophysical experiments is nearly the same order as the GUT scale (∼ 1016
GeV) while in LVS phenomenology, the supersymmetry-breaking at TeV scale requires the string scale to
be some intermediate scale of the order of 1011 GeV. In this way there is a hierarchy in scales involved
on both sides making it impossible to fulfill both requirements in the same string theory setup. Although
LVS limits of Type IIB Swiss-Cheese orientifold compactifications have been exciting steps in the search
for realistic models on both cosmology as well as phenomenology sides, this hierarchy is reflected in LVS
setups, as a hierarchy of compactification volume requirement from V ∼ 106 (for cosmology requirement,
e.g. see [31]) to V ∼ 1014 (for phenomenology requirement 3, e.g. see [8]) and the tension has remained
unresolved in a single string theoretic setup with the Calabi-Yau volume stabilized at a particular value4.
Now in the present LHC era equipped with PAMELA and PLANCK, string theoretic models with numbers,
which could match with experimental-data are yet to come; and several phenomenologically motivated steps
have also been initiated in this direction [27, 32, 33, 34, 35, 36].
The paper is organized as follows. In section 2, we start off with a summary of our previous work
on obtaining a metastable dS vacuum in type IIB compactifications on orientifolds of a particular type of
Swiss-Cheese Calabi-Yau with the inclusion of perturbative α′ corrections and their modular completion
3In a recent paper [37], the authors have realized soft terms ∼ TeV with V ∼ O(106− 107) in the context of String/F-theory
models with SM supported on a del Pezzo surface, but with very heavy gravitino.
4There has been a proposal [26], which involves a small CY volume for incorporating high-scale inflation and then evolves
the volume modulus over a long range and finally stabilizes it in the large volume minimum with TeV gravitino mass after
inflation.
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along with D1- and D3-instanton contributions to the non-perturbative superpotential, but without having
to add anti-D3-branes. We then summarize our work pertaining to the applications of this setup to study
cosmological aspects namely axionic slow-roll inflation and O(1) fNL pertaining to non-Gaussianities in
curvature perturbations. We then discuss the appropriate N = 1 coordinates required on inclusion of
a mobile D3-brane and a D7-brane, the latter wrapping a divisor inside the aforementioned Calabi-Yau.
Finally, we discuss the construction of local involutively-odd harmonic one-forms on the aforementioned
divisor to enable getting an O(1) gYM on the world-volume of a stack of D7-branes wrapping the divisor.
Section 3 has a detailed discussion on obtaining the geometric Ka¨hler potential for the Calabi-Yau and
in particular, the abovementioned (“big”) divisor using toric geometry, GLSM techniques and results by
Umemura and Zhivkov. We also write out the complete moduli-space Ka¨hler potential in terms of the
closed-string moduli as well as the open-string moduli or matter fields, the latter being the position moduli
of the mobile D3-brane and the Wilson-line moduli on the D7-brane(s). Section 4 is about resolution of
a long-standing problem in large volume string phenomenology and cosmology - giving a mechanism that
would generate a 1012GeV gravitino in the early inflationary epoch of the universe and then a TeV gravitino
at the present times to possibly be detected at the LHC, for the same value of the volume modulus of the
Calabi-Yau at around 106l6s . Section 5 has the details of calculations of the gaugino and matter fields’ masses,
soft SUSY breaking parameters: the physical mu terms (µˆ), the µˆB-terms, the Yukawa couplings and the
A-terms. Section 6 has a summary of the results and a discussion. There are five appendices - appendix A
provides a justification for stabilizing the Wilson-line moduli at values which combined with the involutively-
odd harmonic one-forms on the big divisor enable an O(1) gYM ; appendix B has expressions for the first
and second geometric Ka¨hler potentials on the “big” and “small” divisors; appendix C lists intermediate
steps relevant to obtaining the quadratic terms in the expansion of the complete Ka¨hler potential as a power
series in (fluctuations of) the D3-brane position moduli and the D7-brane Wilson-line moduli (about their
extremum values); appendix D has the the first and second derivatives of the quadratic components as well as
the determinant generated by the latter, in the abovementioned expansion of the complete Ka¨hler potential
in a power series with one holomorphic and one anti-holomorphic matter fields relevant to the evaluation
of the soft SUSY breaking parameters; appendix E has the first and second derivatives of the quadratic
components in the aforementioned expansion of the complete Ka¨hler potential involving only holomorphic
(or anti-holomorphic) matter fields - these again are relevant to the evaluation of the soft SUSY breaking
parameters.
2 The Setup
Let us first summarize the results of our previous works on type IIB compactifications on a Swiss-Cheese
Calabi-Yau orientifold (section 4 of [6]) and its cosmological implications ([36, 38]). The term “Swiss cheese”
(See [25]) is used to denote those Calabi-Yau’s whose volume can be written as: V = (τB +∑i 6=B aiτSi ) 32 −
(
∑
j 6=B bjτSj )
3
2 − ..., where τB is the volume of the big divisor and τSi are the volumes of the h1,1 − 1
(corresponding to the (1,h1,1 − 1)-signature of the Hessian) small divisors. The big divisor governs the size
of the Swiss cheese and the small divisors control the size of the holes of the same Swiss cheese. Calabi-Yau
three-fold obtained as a resolution of the degree-18 hypersurface in WCP4[1, 1, 1, 6, 9]:
x181 + x
18
2 + x
18
3 + x
3
4 + x
2
5 − 18ψ
5∏
i=1
xi − 3φx61x62x63 = 0. (1)
Similar to the explanation given in [39], it is understood that only two complex structure moduli ψ and φ are
retained in (1) which are invariant under the group G = Z6 × Z18 (Z6 : (0, 1, 3, 2, 0, 0);Z18 : (1,−1, 0, 0, 0)
3
(See [40]), setting the other invariant complex structure moduli appearing at a higher order (due to invariance
under G) at their values at the origin.
With the inclusion of perturbative (using [41]) and non-perturbative (using [42]) α′-corrections as well as
the loop corrections (using [30, 43]), the Ka¨hler potential for the two-parameter “Swiss-Cheese” Calabi-Yau
expressed as a projective variety in WCP4[1, 1, 1, 6, 9], can be shown to be given by:
K = −ln (−i(τ − τ¯))− ln
(
−i
∫
CY3
Ω ∧ Ω¯
)
−2 ln
[
V + χ(CY3)
2
∑
m,n∈Z2/(0,0)
(τ¯ − τ) 32
(2i)
3
2 |m+ nτ |3
−4
∑
β∈H−2 (CY3,Z)
n0β
∑
m,n∈Z2/(0,0)
(τ¯ − τ) 32
(2i)
3
2 |m+ nτ |3
cos
(
(n +mτ)ka
(Ga − G¯a)
τ − τ¯ −mkaG
a
)]
+
C
KK (1)
s (Uα, U¯α¯)
√
τs
V
(∑
(m,n)∈Z2/(0,0)
(τ−τ¯)
2i
|m+nτ |2
) + CKK (1)b (Uα, U¯α¯)√τb
V
(∑
(m,n)∈Z2/(0,0)
(τ−τ¯)
2i
|m+nτ |2
) . (2)
In (2), the first line and −2 ln(V) are the tree-level contributions. The second (excluding the volume factor
in the argument of the logarithm) and third lines are the perturbative and non-perturbative α′ corrections.
{n0β} are the genus-zero Gopakumar-Vafa invariants that count the number of genus-zero rational curves.
The fourth line is the 1-loop contribution; τs is the volume of the “small” divisor and τb is the volume of the
“big” divisor. The loop-contributions arise from KK modes corresponding to closed string or 1-loop open-
string exchange between D3- and D7-(or O7-planes)branes wrapped around the “s” and “b” divisors. Note
that the two divisors forWCP4[1, 1, 1, 6, 9], do not intersect (See [44]) implying that there is no contribution
from winding modes corresponding to strings winding non-contractible 1-cycles in the intersection locus
corresponding to stacks of intersecting D7-branes wrapped around the “s” and “b” divisors. One sees
from (2) that in the LVS limit, loop corrections are sub-dominant as compared to the perturbative and
non-perturbative α′ corrections.
To summarize the result of section 4 of [6], one gets the following potential:
V ∼ V
√
lnV
V2 e
−2φ

∑
ns n
s∑
ma
e
−m
2
2gs
+
mab
ans
gs
+
nsκ1abb
abb
2gs
Vns


2
|f(τ)|2
+
∑
ns
WlnV
Vns+2
(
θns(τ¯ , G¯)
f(τ¯)
)
e
−ins(−ρ˜1+ 12κ1ab τ¯G
a−τG¯a
(τ¯−τ)
(Gb−G¯b)
(τ¯−τ)
− 1
2
κ1ab
Ga(Gb−G¯b)
(τ−τ¯)
)
+ c.c.
+
∑
k1,k2
|W |2
V3
(
3k22 + k
2
1
k21 − k22
) ∣∣∣∑c∑n,m∈Z2/(0,0) e− 3φ2 An,m,nkc (τ)sin(nk.b+mk.c)
∣∣∣2∑
c′
∑
m′,n′∈Z2/(0,0) e
− 3φ
2 |n+mτ |3|An′,m′,n
kc
′ (τ)|2cos(n′k.b+m′k.c)
+
ξ|W |2
V3 ,
(3)
where V is the overall volume of the Swiss-Cheese Calabi-Yau, f(τ) is an approoriate apriori unknown
modular function, ns is the D3-brane instanton quantum number and ma’s are the D1 instanton numbers.
The expressions for Y, the holomorphic Jacobi theta function θnα(τ,G) and An,m,nkc (τ) are defined as:
4
Y ≡ VE + χ
2
∑
m,n∈Z2/(0,0)
(τ − τ¯) 32
(2i)
3
2 |m+ nτ |3
−4
∑
β∈H−2 (CY3,Z)
n0β
∑
m,n∈Z2/(0,0)
(τ − τ¯) 32
(2i)
3
2 |m+ nτ |3
cos
(
(n+mτ)ka
(Ga − G¯a)
τ − τ¯ −mkaG
a
)
,
θnα(τ,G) =
∑
ma
e
iτm2
2 ein
αGama , An,m,nkc (τ) ≡
(n+mτ)nkc
|n+mτ |3 . (4)
Also, Ga are defined by Ga ≡ ca − τba (where ca’s and ba’s are defined through the real RR two-form
potential C2 = caω
a and the real NS-NS two-form potential B2 = baω
a). Note that summing over all values
of ma and for any given value or set of values of ns, the potential of (3) is symmetric under an NS-NS
axionic shift symmetry as well as a discrete subgroup of SL(2,Z) that survives the process of orientifolding
- see [42]. We are hence justified in choosing a particular value or set of values for ns. This will also be used
in the remainder of the paper.
On comparing (3) with the analysis of [5], one sees that for generic values of the moduli ρα, G
a, k1,2
and O(1) Wc.s., and ns(the D3-brane instanton quantum number)=1, analogous to [5], the second term
dominates; the third term is a new term. However, as in KKLT scenarios (See [3]), Wc.s. << 1; we
would henceforth assume that the fluxes and complex structure moduli have been so fine tuned/fixed that
W ∼ Wn.p.. We assume that the fundamental-domain-valued ba’s satisfy: |b
a|
π < 1
5. This implies that for
ns > 1, the first term in (3) - |∂ρsWnp|2 - a positive definite term, is the most dominant. In the same, ρs is
the volume of the small divisor complexified by RR 4-form axions. Hence, if a minimum exists, it will be
positive. As shown in [6], the potential can be extremized along the locus:
mk.c+ nk.b = N(m,n;,ka)π (5)
with ns > 1 and for all values of the D1-instanton quantum numbers ma.6 As shown in section 3 of [38], it
turns out that the locus nk.b+mk.c = Nπ for |ba| < π and |ca| < π corresponds to a flat saddle point with the
NS-NS axions providing a flat direction. For all directions in the moduli space with Wc.s. ∼ O(1) and away
from DiWcs = DτW = 0 = ∂caV = ∂baV = 0, the O( 1V2 ) contribution of
∑
α,β¯∈c.s.(G
−1)αβ¯DαWcsD¯β¯W¯cs
dominates over (3), ensuring that that there must exist a minimum, and given the positive definiteness of
the potential, this will be a dS minimum. There has been no need to add any D3-branes as in KKLT to
generate a dS vacuum.
In [38], we discussed the possibility of getting slow roll inflation along a flat direction provided by the
NS-NS axions starting from a saddle point and proceeding to the nearest dS minimum. In what follows, we
will assume that the volume moduli for the small and big divisors and the axion-dilaton modulus have been
stabilized. All calculations henceforth will be in the axionic sector - ∂a will imply ∂Ga in the remainder of
this paragraph. On evaluation of the slow-roll inflation parameters (in Mp = 1 units) ǫ ≡ Gab∂aV ∂bV2V 2 , η ≡
the most negative eigenvalue of the matrix Nab ≡
Gac(∂c∂bV−Γdbc∂dV )
V with Γ
a
bc being the affine connection
5If one puts in appropriate powers of the Planck mass Mp,
|ba|
π
< 1 is equivalent to |ba| < πMp, i.e., NS-NS axions are
sub-Planckian in units of πMp.
6Considering the effect of axionic shift symmetry (of the ba axions) on the D1-instanton superpotential (WD1−instanton),
one can see that ma is valued in a lattice with coefficients being integral multiple of 2π.
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components, we found that ǫ ∼ (ns)2e
− 2αgs V∑
β∈H2
n0
β
and η ∼ Vnsgsκ∑
β∈H2
n0
β
, 7, where α ∼ ξ - See [35]. We will choose V
to be such that V ∼ e 2αgs (See [35]), implying that ǫ ∼ (ns)2∑
β∈H2
n0
β
and η ∼ Vnsκ
lnV
∑
β∈H2
n0
β
. Using Castelnuovo’s
theory of study of moduli spaces that are fibrations of Jacobian of curves over the moduli space of their
deformations, for compact Calabi-Yau’s expressed as projective varieties in weighted complex projective
spaces (See [45]) one sees that for appropriate degrees of the holomorphic curve, the genus-0 Gopakumar-
Vafa invariants can be very large. Hence the slow-roll conditions can be satisfed, and in particular, there is
no “η”-problem. By investigating the eigenvalues of the Hessian, we showed (in [38]) that one could identify
a linear combination of the NS-NS axions (“k2b
2 + k1b
1” with k1,2 corresponding to the degrees of rational
curves with the largest value of n0β for a given involution) with the inflaton and the slow-roll inflation starts
from the aforementioned saddle-point and ends when the slow-roll conditions were violated, which most
probably corresponded to the nearest dS minimum8. To evaluate the number of e-foldings Ne, defining the
inflaton I ∼ k2b2 + k1b1, one can show that (in Mp = 1 units)
Ne = −
∫ fin: dS Minimum
in: Saddle Point
1√
ǫ
dI ∼
√∑
β∈H2 n
0
β
ns
. (6)
One gets the required 60 e-foldings for a choice of the involution such that degree-{ka} genus-zero curves
correspond to maximum values of the genus-zero Gopakumar-Vafa invariants n0β ∼ (60ns)2. Hence, η ∼
κV
3600nslnV .
Using the “δN” formalism as developed in [46, 47], it was shown in [36] that to get the non-linear
parameter “fNL” relevant to studies of non-Gaussianities, to be O(1), one would need a very large value for
ns, about the order of 104. Now, as we had assumed that the overall volume V of the Swiss Cheese Calabi-Yau
WCP
4[1, 1, 1, 6, 9] had to be chosen in such a way that the Gopakumar-Vafa invariants n0β ∼ (60ns)2 - this
ensured that we got 60 e-foldings [38], the contribution to the non-linear parameter fNL would therefore be
∼ gse
α
gs
3600 ∼
√
V
N2lnV . One gets the non linear parameter fNL ∼ O(1) for V ∼ 107 (which is also consistent with
COBE measurements - see [31]). To get η < 1, one would need ns ∼ 104, as was mentioned earlier. In this
way we had shown the possibility of getting finite values of the non-linear parameter fNL (hence for getting
large detectable non-Gaussianities) in the LVS limit of type IIB Swiss Cheese orientifold compactifications.
For slow-roll inflation, H2 ∼ V3 ; the Friedmann equation implies that H2 > V3 when slow-roll conditions
are violated. The number of e-foldings away from slow-roll is given by: N ∼ ∫ dba
|| dbb
dN
||
, which using the
Friedmann equation implies N ∼ ∫ dba√
1− V
3H2
. Unlike the slow-roll inflation scenario discussed earlier, we will
assume that the involution is such that the degrees of the holomorphic curve being summed over in the non-
perturbative α′-corrections involving the genus-zero Gopakumar-Vafa invariants correspond to the largest
n0β
<∼ V [instead of n0β ∼ (60ns)2 as was assumed for the slow-roll inflationary scenarios]. Further, we will
assume ns to be O(1) but more than 1; there will be no e− αgs away from slow-roll trajectories. This implies
7The gs-dependence of ǫ and η was missed in [38]. The point is that the extremization of the potential w.r.t.b
a’s and ca’s in
the large volume limit yields a saddle point at sin(nk.b +mk.c) = 0 and for those degree-ka holomorphic curves β for which
ba ∼ −ma/κ (assuming that nk.m
πκ
∈ Z). The latter corresponds to the small values of ma (as ba’s are sub-Planckian). Large
values of ma’s (which are also permitted by induced shift symmetry of ma’s due to that of axions in WD1−instanton) although
don’t satisfy ba ∼ −ma/κ, are damped because of exp(−m2/2gs), especially in the gs << 1 limit, the weak coupling limit in
which the LVS scenarios are applicable.
8The gs-dependence does not influence the calculations largely because e
− α
gs enters only odd number of derivatives of V ;
the Hessian involves the second derivative of V .
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that Gab which is ∼
∑
β∈H2
n0
β
V (and Gab which is V∑
β∈H2
n0
β
)∼ O(1), dbadN ∼
√
1− V3H2 ∼ O(1). Note that when
the slow-roll conditions are violated, sin(nk.b+mk.c) is away from zero, and consequently Γabc ∼ O(1), and
so are the curvature components Rabcd. This was then used to obtain fNL ∼ O(1) in [36].
In this paper, we address phenomenological aspects of Swiss-Cheese Calabi-Yau orientifolds in type IIB
compactifications, pertaining to soft supersymmetry breaking. The appropriate N = 1 coordinates in the
presence of a single D3-brane and a single D7-brane wrapping the “big” divisor ΣB along with D7-brane
fluxes are given as under (See [29, 48]):
S = τ + κ24µ7LAB¯ζAζ¯B¯
Ga = ca − τBa
Tα =
3i
2
(ρα − 1
2
καbcc
bBc) + 3
4
κα +
3i
4(τ − τ¯)καbcG
b(Gc − G¯c)
+3iκ24µ7l
2CIJ¯α aI a¯J¯ +
3i
4
δBα τQf˜ +
3i
2
µ3l
2(ωα)ij¯Φ
i
(
Φ¯j¯ − i
2
z¯a˜(P¯a˜)j¯lΦl
)
τ = l + ie−φ, (7)
where
• for future reference in the remainder of the paper, one defines: Tα ≡ 3i2 (ρα − 12καbccbBc) + 34κα +
3i
4(τ−τ¯ )καbcGb(Gc − G¯c),
•
LAB¯ =
∫
ΣB s˜A ∧ s˜B¯∫
CY3
Ω ∧ Ω¯ , (8)
s˜A forming a basis for H
(2,0)
∂¯,− (Σ
B),
• the fluctuations of D7-brane in the CY3 normal to ΣB are denoted by ζ ∈ H0(ΣB , NΣB), i.e., they
are the space of global sections of the normal bundle NΣB ,
• B ≡ ba− lfa, where fa are the components of elements of two-form fluxes valued in i∗ (H2−(CY3)), the
immersion map being defined as: i : ΣB →֒ CY3,
• CIJ¯α =
∫
ΣB i
∗ωα ∧AI ∧AJ¯ , ωα ∈ H(1,1)∂¯,+ (CY3) and AI forming a basis for H
(0,1)
∂¯,− (Σ
B),
• aI is defined via a Kaluza-Klein reduction of the U(1) gauge field (one-form) A(x, y) = Aµ(x)dxµP−(y)+
aI(x)A
I(y) + a¯J¯(x)A¯
J¯(y), where P−(y) = 1 if y ∈ ΣB and -1 if y ∈ σ(ΣB),
• za˜ are D = 4 complex scalar fields arising due to complex structure deformations of the Calabi-Yau
orientifold defined via: δgi¯j¯(z
a˜) = − i||Ω||2za˜ (χa˜)¯ijk
(
Ω¯
)jkl
glj¯ , where (χa˜)i¯jk are components of elements
of H
(2,1)
∂¯,+
(CY3),
• (Pa˜)ij¯ ≡ 1||Ω||2 Ω¯ikl (χa˜)klj¯, i.e., P : TCY
(1,0)
3 −→ TCY (0,1)3 via the transformation: Φ c.s. deform−→ Φi +
i
2z
a˜ (Pa˜)ij¯ Φ¯j¯,
• Φi are scalar fields corresponding to geometric fluctuations of D3-brane inside the Calabi-Yau and
defined via: Φ(x) = Φi(x)∂i + Φ¯
i¯(x¯)∂¯i¯,
and
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• Qf˜ ≡ l2
∫
ΣB f˜ ∧ f˜ , where f˜ ∈ H˜2−(ΣB) ≡ coker
(
H2−(CY3)
i∗→ H2−(ΣB)
)
.
The constant κ10 enters the ten-dimensional Newton’s constant via G
(10 = κ210 = g
2
sκ
2; κ ∼ (α′)2. As the
four-dimensional Newton’s constant G(4) = G
(10)
V ∼ g
2
sα
′
V
(α′)3
∼ g2sκ24, where V is the volume of the Calabi-Yau
in the string frame, thus, κ24 ∼ α′ 1V
(α′)3
. Now, µ7 ∼ 1κ2(α′)4 [48]. This hence implies κ24µ7 ∼ 1V
(α′)3
1
(α′)3 , i.e.,
κ24µ7 ∼ 1V in α′ = 1 units.
Working in the x2 = 1-coordinate patch throughout this paper, for definiteness, and defining z1 =
x1
x2
, z2 =
x3
x2
, z3 =
x4
x62
and z4 =
x5
x92
(z4 for later use) therein, let ω = ω1(z1, z2)dz1 ∈ H(1,0)∂,− (ΣB : x5 = 0) -
this implies that ω1(z1 → −z1, z2 → −z2) = ω1(z1, z2). Then ∂(= dzi∂i)ω = 0 and ω must not be exact.
Let ∂ω = (1 + z181 + z
18
2 + z
3
3 − φ0z61z62)2dz1 ∧ dz2 - it is exact on ΣB but not at any other point in the
Calabi-Yau. This implies that restricted to ΣB ,
∂ω1
∂z2
|ΣB ∼ (φ0z61z62−z181 −z182 −z33)2. Taking z3 to be around
V 16 - this would actually correspond to the location of the mobile D3-brane in the Calabi-Yau which for
concrete calculations and its facilitation will eventually be taken to lie at (V 136 eiθ1 ,V 136 eiθ2 ,V 16 eiθ3) - one sees
that in the LVS limit
ω1(z1, z2; z3 ∼ V
1
6 )|ΣB = −2
φ0
25
z61z
25
2 − (z181 + z33)2z2 −
z372
37
+
φ20
13
z121 z
13
2 + 2(z
18
1 + z
3
3)(
z192
19
− φ0
7
z61z
7
2); (9)
this indeed does satisfy the required involutive property of being even.
Now, the Wilson-line moduli term is: iκ24µ7
∫
ΣB
i∗ω∧AI ∧ A¯J¯aI a¯J¯ , where ω ∈ H(1,1)+ (ΣB) could be taken
to be i(dz1 ∧ dz¯1 ± dz2 ∧ dz¯2). Hence,
C11¯ ∼
∫
{3φ0z61z62−z181 −z182 ∼
√
V}⊂ΣB
|ω1|2dz1 ∧ dz¯1 ∧ dz2 ∧ dz¯2||z3|∼V 16 ∼∫
{3φ0z61z62−z181 −z182 ∼
√V}⊂ΣB
| − 2φ0
25
z61z
25
2 − (z181 +
√
V)2z2 − z
37
2
37
+
φ20
13
z121 z
13
2 + 2(z
18
1 +
√
V)(z
19
2
19
− φ0
7
z61z
7
2)|2dz1 ∧ dz¯1 ∧ dz2 ∧ dz¯2
∼ |
∫
z1∼V
1
36 eiθ1
z181 dz1|2|
∫
z2∼V
1
36 eiθ2
z192 dz2|2
∼
(
V 3736
)2 × (V 136)4 ∼ V 32vol(ΣB). (10)
Hence, if the Wilson line modulus a1 is stabilized at around V− 14 , then iκ24µ7
∫
ΣB
i∗ω∧AI∧A¯J¯aI a¯J¯ ∼ vol(ΣB).
The fact that this is indeed possible, will be justified in appendix A. Even with a more refined evaluation
of the integral in (10) to obtain C11¯, the results on soft masses and soft SUSY parameters in the rest
of the paper, would qualitatively remain the same. This implies that the (tree-level9) gauge couplings
corresponding to the gauge theory living on a stack of D7 branes wrapping ΣB ≡ D5 will be given by:
g−2a = Re(TB) ∼ µ3V
1
18 ∼ lnV, (11)
implying a finite ga. In the absence of α
′-corrections, strictly speaking g−2a = Re(TB) − FRe(iτ), F ≡
FαFβκαβ + F˜aF˜bκab (refer to [49]) where Fα and Fa are the components of the U(1) two-form flux on
the world-volume of D7-branes wrapping ΣB expanded in the basis i
∗ωα, ωα ∈ H(1,1)(CY3) and ω˜a ∈
coker
(
H
(1,1)
− (CY3)
i∗→ H(1,1)− (ΣB)
)
, and καβ =
∫
ΣB
i∗ωα ∧ i∗ωβ and κab =
∫
ΣB
ω˜a ∧ ω˜b. In the “dilute flux
approximation”, we disregard the contribution coming from F as compared to the V 118 coming from Re(TB).
9See section 6 for a discussion on inclusion of renormalization effects and loop corrections - the result remains unaltered.
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3 The Complete Moduli Space Ka¨hler Potential
In this section we will derive the geometric Ka¨ler potential for the Swiss-Cheese Calabi-YauWCP4[1,1,1,6,9][18]
because of a D3-brane present in our setup. This will enable us to determine the complete Ka¨hler potential
corresponding to the closed string moduli σα,Ga as well as the open string moduli or matter fields: zi, aI .
3.1 Geometric Ka¨hler Potential and Metric
The one-dimensional cones in the toric fan of the desingularized WCP1,1,1,6,9[18] are given by the following
vectors (See [40]):
v1 = (−1,−1,−6,−9)
v2 = (1, 0, 0, 0)
v3 = (0, 1, 0, 0)
v4 = (0, 0, 1, 0)
v5 = (0, 0, 0, 1)
v6(Exceptional divisor) = (0, 0,−2,−3). (12)
The allowed charges under two C∗ actions are given by solutions to:
6∑
i=1
Qai vi = 0, a = 1, 2. (13)
The solution to (13) are of the type:
(q1, q1, q1, 2q6 + 6q1, 3q6 + 9q1, q6). (14)
The (C∗)2 charges will be taken as under:
Φ1 Φ2 Φ3 Φ4 Φ5 Φ6
Q1 0 0 0 2 3 1
Q2 1 1 1 0 0 −3
(15)
Hence, one can construct the following inhomogeneous coordinates: z1 =
Φ1
Φ2
, z2 =
Φ3
Φ2
, z3 =
Φ4
Φ2ǫΦ
6
2
, z4 =
Φ5
Φ3ǫΦ
9
2
.
The NLSM for a two-dimensional N = 2 supersymmetric gauge theory whose target space is the toric
variety corresponding to (12) with (anti-)chiral superfields (Φ¯i)Φi, Fayet-Iliopoulos parameters ra and vector
superfields Va, is specified by the Ka¨hler potential:
∫
d4θK =
∫
d4θ
(
6∑
i=1
Φ¯ie
∑2
a=1
2Qai VaΦi − 2raVa
)
. (16)
Substituting (15) in (16), one sees that:
K =
(
|Φ1|2 + |Φ2|2 + |Φ3|2
)
e2V2 + |Φ4|2e4V1 + |Φ5|2e6V1 + |Φǫ|2e2V1−6V2 − 2r1V1 − 2r2V2. (17)
Now,
∫
d4θK can be regarded as the IR limit of the GLSM Lagrangian - the gauge kinetic terms hence
decouple in this limit. One hence gets a supersymmetric NLSM Lagrangian LNLSM =
∫
d4θK wherein the
9
gauge superfields act as auxiliary fields and can be eliminated by their equations of motion - see [50]. One
can show that the variation of the NLSM Lagrangian w.r.t. the vector superfields Va yield:
∂LNLSM
∂V1
= 0⇔ 2|Φ1|2e2V1 + 3|Φ5|2e6V1 + |Φǫ|2e2V1−6V2 = r1
∂LNLSM
∂V2
= 0⇔ |Φ1|2e2V2 + |Φ2|2e2V2 + |Φ3|2e2V2 − 3|Φǫ|2e2V1−6V2 = r2.
(18)
Defining x ≡ e2V1 , y ≡ e2V2 , (18) can be rewritten as:
a1x
2 + b1x
3 + c1xy
−3 = r1,
a2y + c2xy
−3 = r2, (19)
where
a1 ≡ 2|Φ4|2, c1 ≡ |Φǫ|2, a2 ≡ |Φ1|2 + |Φ2|2 + |Φ3|2, c2 ≡ −3|Φǫ|2. (20)
We would now be evaluating the Ka¨hler potential for the divisor D5 : Φ5 = 0 or equivalently z4 = 0, in
the large volume limit of the Swiss-Cheese Calabi-Yau. In the Φ2 = Φǫ = 1-coordinate patch, the defining
hypersurface for D5 is 1 + z
18
1 + z
18
2 + z
3
3 − 3φz61z62 = 0. In the LVS limit, we would assume a scaling:
z3 ∼ V 16 , z1,2 ∼ V 136 . Further, the FI parameters, r1,2 taken to scale like the big and small two-cycle areas
t5 and t4 respectively, i.e. like V 13 and
√
lnV.
The system of equations (19) is equivalent to the following octic - we will not be careful with numerical
factors in the following:
P (z) ≡ |z3|2(1 + |z1|2 + |z2|2)2y8 + |z3|2(1 + |z1|2 + |z2|2)r2y7 + |z3|2r22y6 + (1 + |z1|2 + |z2|2)y − 4r1 = 0. (21)
Using Umemura’s result [51] on expressing the roots of an algebraic polynomial in terms of Siegel theta
functions of genus g > 1 - θ
[
µ
ν
]
(z,Ω) for µ, ν ∈ Rg, z ∈ Cg and Ω being a complex symmetric g × g
period matrix with Im(Ω) > 0 defined as follows:
θ
[
µ
ν
]
(z,Ω) =
∑
n∈Zg
eiπ(n+µ)
TΩ(n+µ)+2iπ(n+µ)T (z+ν). (22)
The degree n of the polynomial is related to the genus g of the Riemann surface via g =
[
n+2
2
]
. Hence for an
octic, one needs to use Siegel theta functions of genus five. The period matrix Ω will be defined as follows:


Ω11 Ω12 Ω13 Ω14 Ω15
Ω12 Ω22 Ω23 Ω24 Ω25
Ω13 Ω23 Ω33 Ω34 Ω35
Ω14 Ω24 Ω34 Ω44 Ω45
Ω15 Ω25 Ω35 Ω45 Ω55

 =


σ11 σ12 σ13 σ14 σ15
σ21 σ22 σ23 σ24 σ25
σ31 σ32 σ33 σ34 σ35
σ41 σ42 σ43 σ44 σ45
σ51 σ52 σ53 σ54 σ55


−1

ρ11 ρ12 ρ13 ρ14 ρ15
ρ21 ρ22 ρ23 ρ24 ρ25
ρ31 ρ32 ρ33 ρ34 ρ35
ρ41 ρ42 ρ43 ρ44 ρ45
ρ51 ρ52 ρ53 ρ54 ρ55

 , (23)
where σij ≡
∮
Aj
dz z
i−1√
z(z−1)(z−2)P (z) and ρij ≡
∮
Bj
zi−1√
z(z−1)(z−2)P (z) , {Ai} and {Bi} being a canonical basis of
cycles satisfying: Ai · Aj = Bi · Bj = 0 and Ai · Bj = δij . Umemura’s result then is that a root of (21) can
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be written as:
1
2
(
θ
[
1
2 0 0 0 0
0 0 0 0 0
]
(0,Ω)
)4(
θ
[
1
2
1
2 0 0 0
0 0 0 0 0
]
(0,Ω)
)4
×
[(
θ
[
1
2 0 0 0 0
0 0 0 0 0
]
(0,Ω)
)4 (
θ
[
1
2
1
2 0 0 0
0 0 0 0 0
]
(0,Ω)
)4
+
(
θ
[
0 0 0 0 0
0 0 0 0 0
]
(0,Ω)
)4 (
θ
[
0 12 0 0 0
0 0 0 0 0
]
(0,Ω)
)4
−
(
θ
[
0 0 0 0 0
1
2 0 0 0 0
]
(0,Ω)
)4 (
θ
[
0 12 0 0 0
1
2 0 0 0 0
]
(0,Ω)
)4]
.
(24)
Now, if |z3|2r21y6 ∼ r1 ∼
√
lnV, then this suggests that y ∼ (lnV) 112 V− 16 . Substituting this estimate
for y into the octic and septic terms, one sees that the same are of O
(
(lnV) 23 V− 89
)
and O
(
(lnV) 712 V− 49
)
respectively which are both suppressed w.r.t. to the sextic term. Hence, in the LVS limit (21) reduces to
the following sextic:
y6 + αy + β = 0. (25)
Umemura’s result would require the use of genus-four Siegel theta functions. However, using the results of
[52], one can express the roots of a sextic in terms of genus-two Siegel theta functions as follows:


σ22
d
dz1
θ
[
1
2
1
2
0 12
]
((z1, z2),Ω)− σ21 ddz2 θ
[
1
2
1
2
0 12
]
((z1, z2),Ω)
σ12
d
dz1
θ
[
1
2
1
2
0 12
]
((z1, z2),Ω)− σ12 ddz2 θ
[
1
2
1
2
0 12
]
((z1, z2),Ω)


z1=z2=0
,


σ22
d
dz1
θ
[
0 12
0 12
]
((z1, z2),Ω)− σ21 ddz2 θ
[
0 12
0 12
]
((z1, z2),Ω)
σ12
d
dz1
θ
[
0 12
0 12
]
((z1, z2),Ω)− σ12 ddz2 θ
[
0 12
0 12
]
((z1, z2),Ω)


z1=z2=0
,


σ22
d
dz1
θ
[
0 12
1
2
1
2
]
((z1, z2),Ω)− σ21 ddz2 θ
[
0 12
1
2
1
2
]
((z1, z2),Ω)
σ12
d
dz1
θ
[
0 12
1
2
1
2
]
((z1, z2),Ω)− σ12 ddz2 θ
[
0 12
1
2
1
2
]
((z1, z2),Ω)


z1=z2=0
,


σ22
d
dz1
θ
[
1
2 0
1
2
1
2
]
((z1, z2),Ω)− σ21 ddz2 θ
[
1
2 0
1
2
1
2
]
((z1, z2),Ω)
σ12
d
dz1
θ
[
1
2 0
1
2
1
2
]
((z1, z2),Ω)− σ12 ddz2 θ
[
1
2 0
1
2
1
2
]
((z1, z2),Ω)


z1=z2=0
,
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

σ22
d
dz1
θ
[
1
2 0
1
2 0
]
((z1, z2),Ω)− σ21 ddz2 θ
[
1
2 0
1
2 0
]
((z1, z2),Ω)
σ12
d
dz1
θ
[
1
2 0
1
2 0
]
((z1, z2),Ω)− σ12 ddz2 θ
[
1
2 0
1
2 0
]
((z1, z2),Ω)


z1=z2=0
,


σ22
d
dz1
θ
[
1
2
1
2
1
2 0
]
((z1, z2),Ω)− σ21 ddz2 θ
[
1
2
1
2
1
2 0
]
((z1, z2),Ω)
σ12
d
dz1
θ
[
1
2
1
2
1
2 0
]
((z1, z2),Ω)− σ12 ddz2 θ
[
1
2
1
2
1
2 0
]
((z1, z2),Ω)


z1=z2=0
.
(26)
One can show that:
d
dzi
θ
[
µ1 µ2
ν1 ν2
]
((z1, z2),Ω)z1=z2=0 = −2π
∑
n1,n2∈Z
(−)2ν1n1+2ν2n2(ni+µi)eiπΩ11(n1+µ1)2+2iπΩ12(n1+µ1)(n2+µ2)+iπΩ22(n2+µ2)2 ,
(27)
where µi and νi are either 0 or
1
2 . The symmetric period matrix corresponding to the hyperelliptic curve
w2 = P (z) is given by:
(
Ω11 Ω12
Ω12 Ω22
)
=
1
σ11σ22 − σ12σ21
(
σ22 −σ12
−σ21 σ11
)(
ρ11 ρ12
ρ21 ρ22
)
, (28)
where σij =
∫
z∗Aj
zi−1dz√
P (z)
and ρij =
∫
z∗Bj
zi−1dz√
P (z)
where z maps the Ai and Bj cycles to the z−plane (See
[52]). Now, for y6 ∼ β in (25), one can show that the term αy ∼ β
V 19
and hence can be dropped in the LVS
limit. Further, along z∗(Ai) and z∗(Bj), y6 ∼ β and thus:∫
Ai or Bj
dy√
y6 + β
∼ β− 13 2F1
(
1
3
,
1
2
;
4
3
; 1
)
,
∫
Ai or Bj
ydy√
y6 + β
∼ β− 16 2F1
(
1
6
,
1
2
;
7
6
; 1
)
. (29)
Hence,
Ω ∼ β 12
(
β−
1
6 β−
1
3
β−
1
6 β−
1
3
)(
β−
1
3 β−
1
3
β−
1
6 β−
1
6
)
∼
(
O(1) O(1)
O(1) O(1)
)
. (30)
Hence, one can ignore the D3−brane moduli dependence of the period matrix Ω in the LVS limit. Substituting
(30) into (27), one sees that
e2V2 ∼
(
ζ
1
r1|z3|2
) 1
6
, (31)
in the LVS limit where ζ encodes the information about the exact evaluation of the period matrix. Substi-
tuting (31) into the second equation of (19), one obtains:
e2V1 =
(
r2 −
(
1 + |z1|2 + |z2|2
) ( ζ
r1|z3|2
) 1
6
)√
ζ
3
√
r1|z3|2
. (32)
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The geometric Ka¨hler potential for the divisor D5 in the LVS limit is hence given by:
K|D5 = r2 − 4
(
r2 −
(
1 + |z1|2 + |z2|2
) ( ζ
r1|z3|2
) 1
6
)√
ζ
3
+ |z3|2


(
r2 −
(
1 + |z1|2 + |z2|2
) ( ζ
r1|z3|2
) 1
6
)√
ζ
3
√
r1|z3|2


2
−r1ln


(
r2 −
(
1 + |z1|2 + |z2|2
) ( ζ
r1|z3|2
) 1
6
)√
ζ
3
√
r1|z3|2

− r2ln
[(
ζ
1
r1|z3|2
) 1
6
]
∼ V
2
3√
lnV . (33)
The first order and (mixed) second order derivatives of K|D5 are given in appendix B.
The extremization of the NLSM Lagrangian w.r.t. the vector superfields corresponding to the divisor
D4 - z4 = 0 or equivalently Φ4 = 0 - yield the following pair of equations:
b1x
3 + c1xy
−3 = r1
a2y + c2xy
−3 = r2. (34)
where a2 ≡ |Φ1|2+|Φ2|2+|Φ3|2, b1 ≡ 3|Φ5|2, c1 ≡ |Φǫ|2, c2 ≡ −3|Φǫ|2, x ≡ e2V1 , y ≡ e2V2 . In the Φǫ = 1-patch,
one gets the following degree-12 equation in y:
1
9
|Φ5|2
(
r32y
9 − 3r22a2y10 + 3r2a22y11 + a32y12
)
− 1
3
[
r2 −
(
|Φ1|2 + |Φ2|2 + |Φ3|2
)
y
]
= r1. (35)
Choosing a scaling (in zǫ = z2 = 1-patch): z4 ∼ z91,2 ∼ (lnV)
1
4 , r1 ∼
√
lnV, r2 ∼ V 13 , (35) would imply:
1
9
(
Vy9 − 3V 23 (lnV) 118 y10 + 3V 13 (lnV) 19 y11 + (lnV) 16 y12
)
− 1
3
(
V 13 − (lnV) 118 y
)
∼
√
lnV. (36)
Hence, if y ∼
[
(lnV)− 12 V− 23
] 1
9
, i.e., if the y9-term is the dominant term on the LHS of (36), then the same
is justified as the y, y10, y11, y12-terms are respectively V− 227 ,V− 227 ,V− 1327 ,V− 89 , and hence are sub-dominant
w.r.t. the y9 terms and will hence be dropped. One thus obtains:
y = e2V2 ∼
[
3
r22|z181 + z182 − 3φz61z62 |2
] 1
9
, (37)
which hence yields:
K|D4 =
3
1
9 (1+|z1|2+|z2|2)
(r22 |z181 +z182 −3φz61z62 |2)
1
9
+
r2−
3
1
9 (1+|z1|2+|z2|2)
(r22 |z181 +z182 −3φz61z62|2)
1
9
3 +
(
r2−
3
1
9 (1+|z1|2+|z2|2)
(r22 |z181 +z182 −3φz61z62 |2)
1
9
)3
9 r22
−
r2 log(
3
r2
2 |z18
1
+z18
2
−3φz6
1
z6
2
|2
)
9 − r1 log
(3 13
(
r2−
3
1
9 (1+|z1|2+|z2|2)
(r22 |z181 +z182 −3φz61z62|2)
1
9
)
(r22 |z181 +z182 −3φz61z62 |2)
1
3
)
The mixed second order derivatives of K|D4 are given in appendix B.
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3.2 The σα,Ga, zi,AI-Moduli Space Metric
The Ka¨hler potential is given as under:
K = −ln (−i(τ − τ¯))− ln
(
i
∫
CY3
Ω ∧ Ω¯
)
−2ln
[
a
(
TB + T¯B − γKgeom
) 3
2 − a (TS + T¯S − γKgeom) 32 + χ
2
∑
m,n∈Z2/(0,0)
(τ¯ − τ) 32
(2i)
3
2 |m+ nτ |3
−4
∑
β∈H−2 (CY3,Z)
n0β
∑
m,n∈Z2/(0,0)
(τ¯ − τ) 32
(2i)
3
2 |m+ nτ |3
cos (mk.B + nk.c)
]
, (38)
where n0β are the genus-0 Gopakumar-Vafa invariants for the curve β and ka =
∫
β ωa are the degrees of
the rational curve. Further, to work out the moduli-space metric, one needs to complexify the Wilson line
moduli via sections of NΣB (See [39]). Allowing for the possibility of gaugino condensation requires ΣB to
be rigid - we hence consider only zero sections of NΣB , i.e., we set ζ
A = 0. The complexified Wilson line
moduli would then be AI = iaI . For a stack of ND7-branes wrapping D5, stricly speaking ζA and aI are
U(N) Lie algebra valued, which implies that they can be written as: ζA = (ζA1 )aU
a+(ζA2 )abe
ab and similarly
for aI (See [53]) where U
a and eab are the generators of the U(N) algebra. For reasons given in appendix
A, restricting the mobile D3 brane to D5 guarantees nullification of the non-perturbative superpotential
from gaugino condensation for all values of N > 1. Hence, we are justified in setting N = 1 - ruling out
gaugino condensation in our setup - ζA and aI are hence not matrix-valued. We then assume that ζ
A and
all components save one of aI can be stabilized to a zero value; the non-zero component a1 can be stabilized
at around V− 14 . This is justified in a self-consistent manner, in appendix A.
There is the issue of using the modular completion of [42] for our setup which includes a D7 brane - or
a stack of D7 branes 10. First, in our analysis, it is the large contribution from the world-sheet instantons -
proportional to the genus-zero Gopakumar-Vafa invariants - that are relevant and not its appropriate form
invariant (if at all) under (a discrete subgroup of) SL(2,Z) as in [6, 42]. Second, we could think of the D7
brane as a (p, q, r) seven-brane satisfying the constraint: pq =
( r
2
)2
, which as per [54] would ensure SL(2,Z)
invariance.
Though the contribution from the matter fields “C37” coming from open strings stretched between the
D3 and D7 branes wrapping ΣB(≡ D5) for Calabi-Yau orientifolds is not known, but based on results for
orientifolds of
(
T 2
)3
- see [23] - we guess the following expression:
|C37|2√
TB
∼ V− 136 |C37|2, (39)
which for sub-Planckian C37 (implying that they get stabilized at V−c37 , c37 > 0) would be sub-dominant
relative to contributions from world-sheet instantons, for instance, in (38). We will henceforth ignore (39).
It is justified in appendix A that the potential is extremized at values of the complexified Wilson line
moduli at around V− 14 . We will use the same in (A17) when evaluating the soft supersymmetry parameters
in the next section.
10One of us (PS) thanks M.Bianchi for raising this issue with him.
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4 Resolution of the Tension between LVS Cosmology and LVS Phe-
nomenology
We need to figure a way of obtaining a TeV gravitino when dealing with LVS phenemenology and a 1012
GeV gravitino when dealing with LVS cosmology within the same setup for the same value of the volume
modulus: V ∼ 106 (in ls = 1 units). In this section we give a proposal to do the same.
The gravitino mass is given by: m 3
2
= e
K
2 WMp ∼ WV Mp in the LVS limit. Choose the complex-structure
moduli-dependent superpotential to be negligible as compared to the non-perturbative superpotential. Con-
sider now a single ED3−instanton obtained by an ns-fold wrapping of D4 by a single ED3−brane. The
holomorphic prefactor appearing in the non-perturbative superpotential that depends on the mobile D3
brane’s position moduli, has to be a section class of the divisor bundle [D4] - and should have a zero of
degree ns at the location of the ED3 instanton
11 - see [55]. This will contribute a superpotential of the type:
W ∼ (1 + z181 + z182 + z23 − 3φ0z61z62)ns einsTsΘns(Ga, τ) ∼ (1+z181 +z182 +z23−3φ0z61z62)n
s
Vns . The main idea will be
that for a volume modulus fixed at V ∼ 106l6s , during early stages of cosmological evolution, the geometric
location of the mobile D3-brane on a non-singular elliptic curve embedded within the Swiss-Cheese CY3
that we are considering was sufficient to guarantee that the gravitino was super-massive with a mass of 1012
GeV as required by cosmological data, e.g., density perturbations. Later, as the D3-brane moved to another
non-singluar elliptic curve within the CY3 with the same value of the volume, in the present epoch, one
obtains a TeV gravitino as required. Let zi,(0) denote the position moduli of the mobile D3-brane. Consider
fluctuations about the same given by δzi,(0). Defining P ({zi,(0)}) ≡ 1+ z181,(0) + z182,(0) + z23,(0) − 3φ0z61,(0)z62,(0),
one obtains:
W ∼
(
P ({zi,(0)}) +
∑
i=1,2 aiδzi,(0)
)ns
Vns e
insTs(Ga,G¯a;τ,τ¯)+iµ3l2(zi,(0)z¯j¯,(0)aij¯+zi,(0)zj,(0)a˜ij)+iµ3l2(
∑
i
αiδzi,(0)+
∑
i¯
βi¯δz¯i¯)
∼ Vαns−ns
(
1 +
∑
i aiδzi,(0)
P ({zi,(0)})
)ns
, (40)
where one assumes P ({zi,(0)}) ∼ Vα. This yields m 3
2
≡ e Kˆ2 |Wˆ | ∼ Vns(α−1)−1.
1. LVS Cosmology Assume that one is a point in the Swiss-Cheese CY3 : P ({zi,(0)}) ∼ Vαcosmo . Hence,
what we need is: 1018+6(n
sαcosmo−ns−1) ∼ 1012, or αcosmo = 1 (ns ≥ 2 to ensure a metastable dS
minimum in the LVS limit - see [6]). Now, either z181,2 ∼ V, i.e., z1,2 ∼ V
1
18 < V 16 (as z1,2,3 ≤ V 16 ) and
is hence alright, or z23 ∼ V, i.e., z3 ∼
√V > V 16 and hence is impossible. Therefore, geometrically if
one is at a point (z1, z2, z3) ∼ (V 118 ,V 118 , z3) where z3 (in an appropriate coordinate patch) using (1)
satisfies:
ψ0V
1
9 z3z4 − z23 − z34 ∼ V, (41)
one can generate a 1012GeV gravitino at V ∼ 106!!! Note that (41) is a non-singular elliptic curve
embedded in the Calabi-Yau. On redefining iz3 ≡ y and z4 ≡ x, one can compare (41) with the
following elliptic curve over C:
y2 + a1xy + a3y = x
3 + a2x
2 + a4x+ a6, (42)
11One of us(AM) is grateful to O.Ganor for very useful clarifications on this point.
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for which the j-invariant is defined as: j =
(a21+4a2)
2−24(a1a3+a4)
∆ where the discriminant ∆ is defined
as follows - see [56] -
∆ ≡ −(a21+4a2)2(a21a6−a1a3a4+a2a23+4a2a6−a24)+9(a21+4a2)(a1a3+2a4)(a23+4a6)−8(a1a3+2a4)3−27(a23+4a6)2.
(43)
The discriminant works out to −ψ40V
37
9 − 432V2 6= 0, implying that (42) is non-singular.
2. LVS Phenomenology A similar analysis would require: 6(nsαpheno−ns−1)+18 ∼ 3, or αpheno = 1− 32ns ,
which for ns = 2 (ns ≥ 2 to ensure a metastable dS minimum in the LVS limit) yields αpheno = 14 . So,
either z1,2 ∼ V 172 < V 16 which is fine or z3 ∼ V 18 < V 16 and hence also alright. However, for V ∼ 107l6s ,
one can show that one ends up with a non-singular elliptic curve embedded inside the Calabi-Yau given
by: ψ0V 121 z3z4 − (z33 + z24) ∼ V
3
7 . It is hence more natural to thus choose z1,2 ∼ V 172 over z3 ∼ V 18 .
Hence, the mobile D3 brane moves to the elliptic curve embedded inside the Swiss-Cheese Calabi-Yau:
ψ0V
1
36 z3z4 − (z23 + z34) ∼ V
1
4 , (44)
one obtains a TeV gravitino. One can again see that the discriminant corresponding to (44) is−ψ40V
13
36−
432
√V 6= 0 implying that the elliptic curve (44) is non-singular.
The volume of the Calabi-Yau can be extremized at one value - 106 - for varying positions of the
mobile D3-brane as discussed above for the following three reasons. Taking the small divisor’s volume
modulus and the Calabi-Yau volume modulus as independent variables, (a) the D3-brane position moduli
enter the holomorphic prefactor - the section of the divisor bundle - and hence the overall potential will
be proportional to the modulus square of the same and the latter does not influence the extremization
condition of the volume modulus, (b) in consistently taking the large volume limit as done in this paper,
the superpotential is independent of the Calabi-Yau volume modulus, and (c) vol(ΣS) ≥ µ3Vβ for values of
β taken in this paper corresponding to different positions of the D3-brane. Combining these three reasons,
one can show that the extremization condition for the volume modulus is independent of the position of the
D3-brane position moduli.
5 Soft Supersymmetry Breaking Parameters
In this section we evaluate the gravitino mass, the masses of the metter fields, the µ and the physical µˆ
parameters, the Yukawa couplings Yijk and the physical Yukawa couplings Aijk, and the µˆB-parameters, in
the large volume limit in our setup.
The soft supersymmetry parameters are related to the expansion of the Ka¨hler potential and super-
potential for the open- and closed-string moduli (henceforth referred to as the complete Ka¨hler potential
and superpotential) as a power series in the open-string(the “matter fields”) moduli. The power series is
conventionally about zero values of the matter fields. In our setup, the matter fields - the mobile space-time
filling D3-brane position moduli in the Calabi-Yau (restricted for convenience to the big divisor D5) and
the complexified Wilson line moduli arising due to the wrapping of D7-brane(s) around four-cycles - take
values (at the extremeum of the potential) respectively of order V 136 and V− 14 , which are finite. We will
consider the soft supersymmetry parameters corresponding to expansions of the complete Ka¨hler potential
and the superpotential as a power series in fluctuations about the aforementioned extremum values of the
open-string moduli.
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The fluctuations around the extremum values of z1,2 and A1 are:
z1,2 = V
1
36 + δz1,2,
A1 = V−
1
4 + δA1. (45)
Using (C3) - similar to [57] - one arrives at the following expression for the Ka¨hler potential (not being
careful about O(1) numerical factors):
K
({
σb, σ¯B ;σS , σ¯S ;Ga, G¯a; τ, τ¯
}
;
{
z1,2, z¯1,2;A1, A¯1
}) ∼ −ln (−i(τ − τ¯))− ln(i ∫
CY3
Ω ∧ Ω¯
)
− 2 ln Ξ
+
(
|δz1|2 + |δz2|2 + δz1δ¯z2 + δz2δ¯z1
)
Kziz¯j +
(
(δz1)
2 + (δz2)
2
)
Zzizj + c.c
+|δA1|2KA1A¯1 + (δA1)2ZA1A1 + c.c+
(
δz1δA¯1 + δz2δA¯1
)
KziA¯1 + c.c+ (δz1δA1 + δz2δA1)ZziA1 + c.c. + ...
(46)
where Kziz¯j , Zzizj ,KA1A¯1 , ZA1A1 ,KziA¯1 and ZziA1 are defined in appendix C and appendix E.
With γ ∼ κ24T3(See [58]) ∼ 1V , the matrix Kˆij¯ ≡
∂2K({σb,σ¯B ;σS ,σ¯S ;Ga,G¯a;τ,τ¯};{δz1,2,δ¯z¯1,2;δA1,δ¯A¯1})
∂Ci∂¯C¯ j¯
|Ci=0 - the
matter field fluctuations denoted by Ci ≡ δz1,2, δA1 - is therefore given by:
Kˆij¯ ∼


Az1z1
V 136∑
β
n0
β
Az1z2
V 136∑
β
n0
β
Az1a1
V 1112∑
β
n0
β
A¯z1z2
V 136∑
β
n0
β
Az1z2
V 136∑
β
n0
β
Az2a1
V 1112∑
β
n0
β
A¯z1a1
V 1112∑
β
n0
β
A¯z2a1
V 1112∑
β
n0
β
Aa1a1
V 6536∑
β
n0
β


. (47)
In (47) and the remainder of the paper, given the cancelation between the volume of D5 and the quadratic
term in the Wilson line moduli, appearing in TB, one has used the following:
Ξ ∼
∑
β
n0β,
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V
1
18 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)
∼ µ3V
1
18 ,
TS(σS , σ¯S ;Ga, G¯a; τ, τ¯) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)
∼ µ3V 118 ∼ lnV. (48)
To work out the physical µ terms, Yukawa couplings, etc., one needs to diagonalize (47) and then work
with corresponding diagonalized matter fields. To simplify, we have assumed Azizj , Azia1 to be real. One
can show that (47) has the following two sets of eigenvalues, the second being two-fold degenerate:
Eigenvalue 1:
1
6
V −3k−1
(
2Aa1a1V
2k+ 89
36 +
2 3
√
2
(
V 16/9Aa1a1
2 − (Az1z1 +Az2z2)Aa1a1 + 3Az1a12 + 3Az2a12
)
V 4k+
19
6
3
√
Σ
+ 22/3
3
√
Σ
)
,
(49)
where
Σ ≡ 9Aa1a1Az1a12V 6k+
203
36 +9Aa1a1Az2a1
2V 6k+
203
36 −3Aa1a12Az1z1V 6k+
203
36 −3Aa1a12Az2z2V 6k+
203
36 +2Aa1a1
3V 6k+
89
12
17
+√
−
(
3Az1a1
2 + 3Az2a1
2 −Aa1a1(Az1z1 +Az2z2)
)2
V 12k+
19
2
(
3V 16/9Aa1a1
2 − 4(Az1z1 +Az2z2)Aa1a1 + 12Az1a12 + 12Az2a12
)
In the LVS limit, the above expands out to yield:
1∑
β n
0
β
(
Aa1a1V
65
36 +
α4
3Aa1a1
)
. (50)
Eigenvalue 2
1
12
V −3k−1
(
4
(
Aa1a1V
16/9 +Az1z1 +Az2z2
)
V 2k+
25
36
−
2i 3
√
2
(
−i+√3
) (
V 16/9Aa1a1
2 − (Az1z1 +Az2z2)Aa1a1 + 3Az1a12 + 3Az2a12
)
V 4k+
19
6
3
√
Σ
+ i22/3
(
i+
√
3
)
3
√
Σ
)
,
(51)
which in the LVS limit expands out to yield:
V 136∑
β n
0
β

4(Az1z1 +Az2z2)− 2
(
−(Az1z1 +Az2z2)Aa1a1 + 3Az1a12 + 3Az2a12
)
Aa1a1

 . (52)
Eigenvalue 3 = Eigenvalue 2
The eigenvectors are as under:
Eigenvector1(
1
Az1a1
1
6
V −2k−
19
12
[
2
(
Aa1a1V
16/9 +Az1z1 +Az2z2
)
V 2k+
25
36 − 6Aa1a1V 2k+
89
36
+
2 3
√
2
(
V 16/9Aa1a1
2 − (Az1z1 +Az2z2)Aa1a1 + 3Az1a12 + 3Az2a12
)
V 4k+
19
6
3
√
Σ
+22/3
3
√
Σ
]
− Az2a1 (Σ2)
Σ3
,
Σ2
Σ3
, 1
)T
,
where
Σ2 ≡ 1
6
Az1z2
[
2
(
Aa1a1V
16/9 +Az1z1 +Az2z2
)
V 2k+
25
36 − 6Aa1a1V 2k+
89
36
+
2 3
√
2
(
V 16/9Aa1a1
2 − (Az1z1 +Az2z2)Aa1a1 + 3Az1a12 + 3Az2a12
)
V 4k+
19
6
3
√
Σ
+ 22/3
3
√
Σ
]
V −2k−
2
3
+Az1a1Az2a1V
65/36 ∼ V 6536 ,
Σ3 ≡ V 8/9
[
1
6
Az1a1
(
−6Az2z2V 2k+
25
36 + 2Aa1a1V
2k+ 89
36+
18
2 3
√
2
(
V 16/9Aa1a1
2 − (Az1z1 +Az2z2)Aa1a1 + 3Az1a12 + 3Az2a12
)
V 4k+
19
6
3
√
Σ
+ 22/3
3
√
Σ
)
V −2k−
2
3
+Az1z2Az2a1
36
√
V
]
∼ V− 89 .
Hence, the eigenvector corresponding to the first eigenvalue (50) is:

 β1V
− 8
9
β2V− 89
1

 . (53)
In the LVS limit, this is already normalized to unity.
Eigenvectors 2 and 3
Given the two-fold degeneracy of the second eigenvalue (52), of the three equations implied by:
Kˆ

 α1α2
α3

 = Λ2 V
1
36∑
β n
0
β

 α1α2
α3

 , (54)
only one equation is independent, say:
α1(Az1z1 − Λ2) + α2Az1z2 + α3Az1a1V
8
9 = 0. (55)
Two independent solutions to (55) are:
α1 = 0, α2 =
Az1a1
Az1z2
V 89α3;
α2 = 0, α1 =
Az1a1
(Az1z1 − Λ2)
V 89α3. (56)
Thus, the following are the remaining two linearly independent eigenvectors of (47):


0
1
λ1V− 89

 ,


1
0
λ2V− 89

 . (57)
In the LVS limit, (53) and (57) form an orthonormal set of eigenvectors corresponding to Kˆ. Hence, for
evaluating the physical µ terms, Yukawa couplings, etc., we will work with the following set of (fluctuation)
fields:
δA˜1 ≡ (β1δz1 + β2δz2)V−
8
9 + δA1,
δZ1 ≡ δz1 + λ2δA1V−
8
9 ,
δZ2 ≡ δz2 + λ1δA1V− 89 . (58)
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For purposes of evaluation of the physical µ terms, Yukawa couplings, etc., we will need the following
expressions for the square-root of the elements of the diagonalized Kˆ in the basis of (58):√
KˆA˜1 ¯˜A1 ∼
√
1∑
β n
0
β
(
Aa1a1V
65
36 +
α4
3Aa1a1
)
∼ V
65
72√∑
β n
0
β
,
√
KˆZ1Z¯1 =
√
KˆZ2Z¯2 ∼
√√√√√ V 136∑
β n
0
β

4(Az1z1 +Az2z2)− 2
(
−(Az1z1 +Az2z2)Aa1a1 + 3Az1a12 + 3Az2a12
)
Aa1a1

 ∼ V
1
72√∑
β n
0
β
.
(59)
From (46), one sees that the coefficients of the “pure” terms, Zij are as given in (E1) in appendix E.
Quite interestingly, one can show that
Z ∼ V
1
12∑
β n
0
β


V 136∑
β
n0
β
V 136∑
β
n0
β
V 1112∑
β
n0
β
V 136∑
β
n0
β
V 136∑
β
n0
β
V 1112∑
β
n0
β
V 1112∑
β
n0
β
V 1112∑
β
n0
β
V 6536∑
β
n0
β


. (60)
Hence, the eigenvectors corresponding to the diagonalized Zij are the same as that for Kˆij¯ - hence (53) and
(57) simultaneously diagonalize Kˆij¯ and Zij ! The eigenvalues of (60) corresponding to the diagonalized Z
are:
ZZ1Z1 = 6 (Zz1z1 + Zz2z2)−
6
ZA1A1
(
Z2z1A1 + Z
2
z2A1
)
∼ V− 179 ;
ZA˜1A˜1 = ZA1A1 ∼ V−
1
9 . (61)
Before we proceed to read-off the soft SUSY breaking terms, we would like to point out the following.
The non-perturbative superpotential corresponding to an ED3−instanton obtained as an ns-fold wrapping
of D4 by a single ED3-brane as well as a single D7-brane wrappingD5 taking the rigid limit of the wrapping,
along with a space-time fillingD3-brane restricted for purposes of definiteness and calculational convenience,
to D5 will be given by:
W ∼
[
1 + z181 + z
18
2 +
(
3φ0z
6
1z
6
2 − z181 − z182 − 1
) 2
3 − 3φ0z61z62
]ns
Vns , (62)
which for (z1, z2) ∼ (V 136 ,V 136 ), yields V−n
s
2 . Hence, the gravitino mass m 3
2
= e
K
2 WMp ∼ V−n
s
2
−1Mp, which
for ns = 2,V ∼ 107 gives about 10TeV .
Substituting (45) into (62) (and again not being careful about O(1) numerical factors), one obtains:
W ∼ V n
s
2 Θns(τ,Ga)einsT (σS ,σ¯S ;Ga,G¯a;τ,τ¯)
[
1 + (δz1 + δz2)
{
nsV− 136 + (insµ3)3V
1
36
}
+δA˜1
{
−[λ1 + λ2](insµ3)V− 3136 − ns[λ1 + λ2]V− 1112
}]
+
(
(δz1)
2 + (δz2)
2
)
µzizi + δz1δz2µz1z2
+
(
δA˜1
)2
µA˜1A˜1 + δz1δA˜1µz1A˜1 + δz2δA˜1µz2A˜1 +
(
(δz1)
3 + (δz2)
3
)
Yzizizi +
(
(δz1)
2δz2 + (δz2)
2δz1
)
Yzizizj
+(δz1)
2δA˜1YziziA˜1 + δz1(δA˜1)2YziA˜1A˜1 + δz1δz2δA˜1Yz1z2A˜1 +
(
δA˜1
)3
YA˜1A˜1A˜1 + .... (63)
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The µ terms (µij) and the Yukawa couplings Yijk are spelt out in 5.2 and 5.3 respectively.
5.1 Gauginos’ and Matter Fields’ Masses
We first need to evaluate the Fm terms where Fm = e
Kˆ
2 Kˆmn¯D¯n¯W¯ = e
Kˆ
2 Kˆmn¯
(
∂¯n¯W¯ + W¯ ∂¯n¯K
)
, for which
we first need to evaluate Kˆmn¯. Using (46), in the LVS limit, one obtains:
Kˆmn¯ ∼


1
V 3736
1
V 3518
κB1a
(Ga,G¯a)V
37
36
κB2a
(Ga,G¯a)V
37
36
1
V 3518
1
V 3736
κS1a
(Ga,G¯a)V
37
36
κS2a
(Ga,G¯a)V
37
36
κB1a
(Ga,G¯a)V
37
36
κS1a
(Ga,G¯a)V
37
36 k21 k1k2
κB2a
(Ga,G¯a)V
37
36
κS2a
(Ga,G¯a)V
37
36 k1k2 k
2
2


, (64)
which - in the LVS limmit - hence yields:
Kˆmn¯ ∼


V 3736 V 19 (Ga, G¯a) (Ga, G¯a)
V 19 V 3736 (Ga, G¯a) (Ga, G¯a)
(Ga, G¯a) (Ga, G¯a) O(1) O(1)
(Ga, G¯a) (Ga, G¯a) O(1) O(1)

 . (65)
Therefore,
F σ
B ∼ e
−iµ3l2V
1
18−ns
2
V
(
V 118
)
∼ V−n
s
2
− 17
18 ;
F σ
S ∼ e
−iµ3l2V
1
18−ns
2
V
(
V 3736 (ns + V− 3536 ) + (Ga, G¯a)
[
ns(ma +
(Ga, G¯a)
lnV ) + V
− 1
6
])
∼ nsV−n
s
2
+ 1
36 ;
FG
a ∼ e
−iµ3l2V
1
18−ns
2
V
(
(Ga, G¯a)(ns + V− 3536 ) + kakb
[
ns(mb +
(Ga, G¯a)
lnV ) + V
− 1
6
])
∼ nsk.mkaV−n
s
2
−1 (66)
From (66), we conclude that the gaugino masses will of given by
Fm∂mTB
2Re(TB)
∼
V−n
s
2
(
V− 1718 + nsk.mk.GV
)
V 118
∼ V−n
s
2
−1 ∼ m 3
2
, (67)
where we have used the fact that the gravitino mass m 3
2
∼ V−n
s
2
−1. Hence, what we see is that like the
claims in the literature (See [8], etc.), with the inclusion of D3- and D7-brane moduli, the gaugino masses
are of the order of gravitino mass - however, given that we are keeping the volume stabilized at around 106
(in ls = 1-units) such that for n
s = 2, m 3
2
∼ 103TeV .
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The open-string moduli or matter fields’ masses are given by:
m2i = m
2
3
2
+ V0 − FmF¯ n¯∂m∂¯n¯lnKˆi¯i
= m23
2
+ V0 + F
mF¯ n¯
(
1
Kˆ2
i¯i
∂mKˆi¯i∂¯n¯Kˆi¯i −
1
Kˆi¯i
∂m∂¯n¯Kˆi¯i
)
. (68)
Using (A20), we estimate
V0 ∼ eKGσασ¯αDσαWD¯σ¯αW¯ ∼∼ (n
s)2|W |2V 1918
V2 ∼ V
−ns−2+ 19
18 ∼ V 1918m23
2
. (69)
Further, using (66) and results of appendix D, we arrive at the following results:
FmF¯ n¯∂m∂¯n¯KˆZiZ¯i ∼ V−n
s− 1
18 ∼ m23
2
V 3536 ;
FmF¯ n¯∂m∂¯n¯KˆA˜1 ¯˜A1 ∼ V
−ns+ 1
36 ∼ V 7336m23
2
. (70)
Substituting (69) and (70) into (68), one obtains:
m2Zi ∼ m23
2
(
1 + V 1918 + V 3536
)
∼ m23
2
V 1918 ;
m2A˜1 ∼ m
2
3
2
(
1 + V 1918 + V 7336
)
∼ V 7336m23
2
, (71)
implying
mZi ∼ V
19
36m 3
2
, mA˜1 ∼ V
73
72m 3
2
. (72)
5.2 Physical µ Terms
To evaluate the canonical “physical” µ terms - denoted by µˆ - one needs to evaluate Fm∂mZZiZi and
Fm∂mZA1A1 . Therefore, using (66) and (E2), one obtains:
Fm∂mZZiZi ∼ V−
ns
2
− 17
9 . (73)
Similarly, using (E4) and (66), one obtains:
Fm∂mZA1A1 ∼ V−
ns
2
− 19
18 . (74)
Now,
µˆij =
¯ˆ
We
Kˆ
2
|Wˆ | µij +m 32Zijδij − F¯
m¯∂¯m¯Zijδij√
Kˆi¯iKˆjj¯
. (75)
From (63), one obtains the following non-zero µ-terms:
µZiZi ∼ e−
ns
2
[(
ns(ns − 1)
2
+ ns
)
V− 118 + (insµ3)3V
1
18 + ns(iµ3n
s)
]
;
µZ1Z2 ∼ e−
ns
2
[
nsφ0V−
2
9 + (insµ3)
3V 118 + ns(iµ3ns)
]
;
µA˜1A˜1 ∼ e−
ns
2
[
V− 3318 [λ21 + λ22]
[
ns(ns − 1)
2
+ ns
]
+ [λ21 + λ
2
2](in
sµ3)
2V− 3118 [λ1 + λ2]2ns(insµ3)V−
16
9
]
;
µZiA˜1 ∼ e−
ns
2
[
−λjV−
17
18
{
ns +
ns(ns − 1)
2
+ ns(insµ3)[λ1 + λ2]V−
8
9
}
+ λj(in
sµ3)
3V− 56
]
, j 6= i(= 1, 2),
(76)
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using which we get:
µˆZiZj ∼ V−
ns
2
−1V 3536 ∼ V 3736m 3
2
;
µˆA1Zi ∼ V−
3
4m 3
2
;
µˆA1A1 ∼ V−
33
36m 3
2
. (77)
5.3 Physical Yukawa couplings (Yˆijk) and A-parameters (Aijk)
From (63), one obtains the following non-zero Yukawa couplings:
YZiZiZi ∼ e−
ns
2
{
nsV 13 + (insµ3)3V
1
12 + ns(insµ3)
2V 136 +
[
ns(ns − 1)
2
+ ns(insµ3)V−
1
36
]}
;
YZ2i Zj ∼ e
−ns
2
{
V− 112
(
ns(ns − 1)(ns − 2)
6
+
ns(ns − 1)
2
)
+ (insµ3)
3V 112
+V 136 (insµ3)2ns + V−
1
36 (insµ3)
[
ns +
ns(ns − 1)
2
]}
;
YA˜1A˜1A˜1 ∼ e−
ns
2
{
nsV− 73 (λ31 + λ32) + (insµ3)3V−
31
12 + V− 9536ns[λ− 1 + λ2](insµ3)2[λ21 + λ22]
+V− 9736 (insµ3)
[
ns +
ns(ns − 1)
2
]
[λ1 + λ2][λ
2
1 + λ
2
2]
}
;
YZ2i A˜1 ∼ e
−ns
2
{
−λ2V−
5
9 − λ2V−
29
36 (insµ3)
3 +
[
ns +
ns(ns − 1)
2
]
(insµ3)[λ1 + λ2]V−
11
12 + V− 3136 [λ1 + λ2]ns(insµ3)2
}
;
Y(A˜1)2Zi ∼ e−
ns
2
{
−nsλ22V−
13
9 + (λ2j(6=i) + 2λ1λ2)(in
sµ3)
3V− 6136 + V− 74ns(insµ3)2[λ21 + λ22]
+V− 6536 [λ21 + λ22]
[
ns +
ns(ns − 1)
2
]
(insµ3)
}
;
YZ1Z2A˜1 ∼ e−
ns
2
{
−2(λ1 + λ2)V−
35
36
[
ns(ns − 1)(ns − 2)
6
+
ns(ns − 1)
2
]
− 2(λ1 + λ2)V−
29
36 (insµ3)
3
+V− 3936 (nsφ0)(insµ3)[λ1 + λ2] + V−
31
36ns[λ1 + λ2](in
sµ3)
2
+V− 1112 (insµ3)
[
ns +
ns(ns − 1)
2
]
[λ1 + λ2]
}
. (78)
Given the following definition of the physical Yukawa couplings:
Yˆijk =
e
Kˆ
2 Yijk√
Kˆi¯iKˆjj¯Kˆkk¯
, (79)
one obtains the following non-zero physical Yukawa couplings Yˆijks:
YˆZiZiZi ∼ V
43
24m 3
2
;
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YˆZ2i Zj ∼ V
37
24m 3
2
;
YˆA˜1A˜1A˜1 ∼ V−
85
24m 3
2
;
YˆZ2i A˜1 ∼ V
1
72m 3
2
;
YˆA˜21Zi ∼ V
− 127
72 m 3
2
;
YˆZ1Z2A˜1 ∼ V−
17
72m 3
2
. (80)
The A-terms are defined as:
Aijk = F
m
[
Kˆm + ∂mlnYijk − ∂mln
(
Kˆi¯iKˆjj¯Kˆkk¯
)]
. (81)
Using:
∂σBYijk ∼ 0;
∂σSYijk ∼ nsYijk;
∂GaYijk ∼ (Ga, G¯a)Yijk, (82)
and (66)one obtains:
Fm∂mYijk ∼ nsV−
ns
2
− 35
36Yijk ∼ nsV
1
36m 3
2
. (83)
Using:
∂σαKˆ ∼
√
TS(σα, σ¯α;Ga, G¯a; τ, τ¯) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)
Ξ
∼ V− 3536 ;
∂GaKˆ ∼ 1
Ξ
×
[∑
β
kan0βsin(...) +
(Ga, G¯a)
×
{√√√√TB(σB , σ¯B ;Gc, G¯c; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V− 12 − γ
(
r2 +
r22ζ
r1
)
κBac
−
√√√√TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)
κSac
}]
∼ V− 16
(having taken
∑
β
kan0βsin(...) ∼ V
5
6 ), (84)
and (66), one obtains:
Fm∂mKˆ ∼ nsV−n
s
2
− 17
18 ∼ nsV 118m 3
2
. (85)
Finally, using (D1) and (66):
Fm∂mlnKˆZiZi ∼ nsV−
ns
2
− 1
36 ∼ nsV 3536m 3
2
, (86)
and using (66) and (D3):
Fm∂mlnKˆA˜1 ¯˜A1 ∼ n
sV−n
s
2
− 17
18 ∼ nsV 118m 3
2
. (87)
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Hence, substituting (83), (85), (86) and (87) into (81), one obtains:
AZiZjZk ∼ nsV
37
36m 3
2
;
AA˜1A˜1A˜1 ∼ nsV
37
36m 3
2
;
AA˜12Zi ∼ n
sV 3736m 3
2
;
AA˜1ZiZj ∼ nsV
37
36m 3
2
. (88)
5.4 The µˆB Parameters
The µˆB-parameters are defined as under:
(µˆB)ij =
1√
Kˆi¯iKˆjj¯
×
{ ¯ˆ
W
|Wˆ |e
Kˆ
2
[
Fm
(
Kˆmµij + ∂mµij − µij∂mln
(
Kˆi¯iKˆjj¯
))
−m 3
2
µij
]
+
(
2m23
2
+ V0
)
Zijδij −m 3
2
F¯ m¯∂¯n¯Zijδij +m 3
2
δijF
m
[
∂mZij − Zij∂mln
(
Kˆi¯iKˆjj¯
)]
−δijF¯ m¯Fn
[
∂¯m¯∂nZij − ∂¯m¯Zij∂nln
(
Kˆi¯iKˆjj¯
)]}
, (89)
where δij has been put in before the Zij-dependent terms to indicate that we are working with the diago-
nalized matter fields (58).
Substituting (85), (86), (derivatives w.r.t the closed string moduli σα,Ga of) (76), (E1), (61), (66), (73)
and (E3):
(a)
¯ˆ
W
|Wˆ |e
Kˆ
2 Fm∂mKˆµZiZi ∼ V
1
9m23
2
,
(b)
¯ˆ
W
|Wˆ |e
Kˆ
2 Fm∂mµZiZi ∼ V
13
12m23
2
,
(c)
¯ˆ
W
|Wˆ |e
Kˆ
2 µZiZiF
m∂mln
(
KˆZiZ¯i
)
∼ V 3736m23
2
,
(d)
¯ˆ
W
|Wˆ |e
Kˆ
2 µZiZi ∼ V
1
18m23
2
, (90)
which gives:
(a) + (b)− 2(c) − (d)
KˆZiZi
∼ V 3718m23
2
. (91)
Further, using (A20),(
m23
2
+ V0
)
ZZiZi
KˆZiZi
∼ V 536m23
2
,
25
m 3
2
F¯ m¯∂¯m¯ZZiZi
KˆZiZi
∼ V 112m23
2
,
m 3
2
(
Fm∂mZZiZi − 2ZZiZiFm∂mln
(
KˆZiZ¯i
))
KˆZiZi
∼ V 112m23
2
,
[
F¯ m¯Fn∂¯m¯∂nZZiZi − 2F¯ m¯Fn
(
∂¯m¯ZZiZi
) (
∂nln
(
KˆZiZi
))]
KˆZiZi
∼ V 223108m23
2
. (92)
Note, when substituting in the first equation of (A20) as the extremum value of the potential V0 in (92),
we have assumed the following. For a non-supersymmetric configuration, from [49] we see that the tadpole
cancelation guarantees that the contributions to the potential from all the D3-branes and O3-planes as
well as the D7-branes and O7-planes cancel out. However, there is still a D-term contribution from the
U(1)-fluxes on the world-volume of the D7-branes wrapped around D5 of the form
(Fβκαβ∂TαK)
2
(Re(TB)−FRe(iτ)) - we
drop the same in the dilute flux approximation as was done in section 2.
From (91) and (92), one obtains:
(µˆB)ZiZi ∼ V
223
108m23
2
,
(µˆB)Z1Z2 ∼ V
37
18m23
2
. (93)
Similarly,
(a)
¯ˆ
W
|Wˆ |e
Kˆ
2 Fm∂mKˆµA˜1A˜1 ∼ V
−5
3 m23
2
,
(b)
¯ˆ
W
|Wˆ |e
Kˆ
2 Fm∂mµA˜1A˜1 ∼ V−
25
36m23
2
,
(c)
¯ˆ
W
|Wˆ |e
Kˆ
2 µA˜1A˜1F
m∂mln
(
KˆA˜1 ¯˜A1
)
∼ V− 53m23
2
,
(d)
¯ˆ
W
|Wˆ |e
Kˆ
2 µA˜1A˜1 ∼ V−
13
18m23
2
, (94)
which gives:
(a) + (b)− 2(c) − (d)
KˆsA˜1 ¯˜A1
∼ V− 32m23
2
. (95)
Further, (
m23
2
+ V0
)
ZA˜1A˜1
KˆA˜1 ¯˜A1
∼ V 536m23
2
,
m 3
2
F¯ m¯∂¯m¯ZA˜1A˜1
KˆA˜1 ¯˜A1
∼ V 3136m23
2
,
26
m 3
2
(
Fm∂mZA˜1A˜1 − 2ZA˜1A˜1Fm∂mln
(
KˆA˜1 ¯˜A1
))
KˆA˜1 ¯˜A1
∼ V 3136m23
2
,
[
F¯ m¯Fn∂¯m¯∂nZA˜1A˜1 − 2F¯ m¯Fn
(
∂¯m¯ZA˜1A˜1
)(
∂nln
(
KˆA˜1A˜1
))]
KˆA˜1 ¯˜A1
∼ V 19m23
2
. (96)
From (95) and (96), one obtains:
(µˆB)A˜1A˜1 ∼ V
5
36m23
2
. (97)
Finally,
(a)
¯ˆ
W
|Wˆ |e
Kˆ
2 Fm∂mKˆµZiA˜1 ∼ V−
16
9 m23
2
,
(b)
¯ˆ
W
|Wˆ |e
Kˆ
2 Fm∂mµZiA˜1 ∼ V−
29
36m23
2
,
(c)
¯ˆ
W
|Wˆ |e
Kˆ
2 µZiA˜1F
m∂mln
(
KˆA˜1 ¯˜A1KˆZiZ¯i
)
∼ V− 3136m23
2
,
(d)
¯ˆ
W
|Wˆ |e
Kˆ
2 µZiA˜1 ∼ V−
11
6 m23
2
, (98)
which gives:
(a) + (b)− (c)− (d)√
KˆA˜1 ¯˜A1KˆZiZ¯i
= (µˆB)ZiA˜1 ∼ V−
13
18m23
2
. (99)
6 Summary and Discussion
In this article, we have discussed several phenomenological issues in the context of L(arge) V(olume)
S(cenarios) Swiss-Cheese orientifold compactifications of type IIB with the inclusion of a single mobile
space-time filling D3-brane and stack@
∆∆8@vU wrapping the “big” divisor along with supporting D7-brane fluxes (on two-cycles homolo-
gously non-trivial within the big divisor, and not the Calabi-Yau). Interestingly we have found several
phenomenological implications which have been different from the LVS studies done so far in the literature.
We have proposed a possible resolution for the long-standing tension between LVS cosmology and LVS
phenomenology : to figure out a way of obtaining a TeV gravitino when dealing with LVS phenemenology
and a 1012 GeV gravitino when dealing with LVS cosmology in the early inflationary epoch of the universe,
within the same setup. The holomorphic pre-factor coming from the space-time filling mobile D3-brane
position moduli - section of (the appropriate) divisor bundle - plays a crucial role and we have shown that as
the mobile space-time filling D3-brane moves from a particular non-singular elliptic curve embedded in the
Swiss-Cheese Calabi-Yau to another non-singular elliptic curve, it is possible to obtain 1012GeV gravitino
during the primordial inflationary era supporting the cosmological/astrophysical data as well as a TeV
gravitino in the present era supporting the required SUSY breaking at TeV scale within the same set up,
for the same volume of the Calabi-Yau stabilized at around 106 (in ls = 1 units).
12 This way the string
12There has been a different proposal [26], which involves treating the volume modulus as an inflaton which starts off at a
small value for incorporating slow-roll inflation and then evolves over a long range and finally stabilizes to the large volume
minimum with TeV gravitino mass after inflation.
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scale involved for our case is ∼ O(1015) GeV which is nearly of the same order as GUT scale. In the context
of soft SUSY breaking, we have obtained the gravitino mass m3/2 ∼ O(1− 103) TeV with V ∼ 106ls6 in our
setup. We have found the gravity mediated gaugino masses to be of the same order as the gravitino mass.
While realizing the Standard Model (SM) gauge coupling gYM ∼ O(1) in the LVS models with D7-branes,
usually models with the D7-branes wrapping the smaller divisor have been proposed so far, as D7-branes
wrapping the big divisor would produce very small gauge couplings. In our setup, we have realized ∼ O(1)
gYM (at the tree level) with D7-branes wrapping the big divisor in the rigid limit (i.e. considering zero
sections of the normal bundle of the big divisor to prevent any obstruction to chiral matter resulting from
adjoint matter - corresponding to fluctuations of the wrapped D7-branes within the Calabi-Yau - giving
mass to open strings stretched between wrapped D7-branes) implying the new possibility of supporting SM
on D7-branes wrapping the big divisor. This has been possible because after constructing appropriate local
involutively-odd harmonic one-forms on the big divisor lying in the cokernel of the pullback of the immersion
map applied to H
(1,0)
− in the large volume limit, the Wilson line moduli provide a competing contribution
to the gauge kinetic function as compared to the volume of the big divisor. This requires the complexified
Wilson line moduli to be stabilized at around V− 14 (which has been justified). Note, similar to the case
of local models corresponding to wrapping of D7-branes around the small divisor, our model is also local
in the sense that the involutively-odd one-forms are constructed locally around the location of the mobile
D3-brane restricted to (the rigid limit of) D5.
Also, from the first reference in [10], the effective gauge couplings g−2a for an observable gauge group Ga
including renormalization and string-loop corrections, to all orders, at an energy scale ν >> m 3
2
satisfies
the following equation:
g−2a
(
Φm, Φ¯m¯; ν
)
= Refa +
∑
r nrTa(r)− 3Tadj(Ga)
8π2
ln
Mp
ν
+
∑
r nrTa(r)− Tadj(Ga)
16π2
Kˆ
(
Φm, Φ¯m¯
)
+
Tadj(Ga)
8π2
ln
[
g−2a
(
Φm, Φ¯m¯; ν
)]−∑
r
Ta(r)
8π2
ln det
[
Kˆij¯
(
Φm, Φ¯m¯
)]
(100)
Φm denoting the closed string moduli, fa being the gauge (Ga) kinetic function, r denoting a representation
for an observable gauge group Ga, nr denoting the number of matter fields transforming under the represen-
tation r of Ga and T denoting the trace of the square of the generators in the appropriate representations.
Given that we have been working in the approximation: µ3V 118 ∼ lnV (justified by V ∼ 106), from (46), (47)
and (D5) one sees that the third and fifth terms on the RHS of (100) are proportional to lnV ∼ µ3V 118 ∼ fa,
implying thereby that there are no major modifications in the tree-level results for the gauge couplings.
On the geometric side to enable us to work out the complete Ka¨hler potential, we have calculated the
geometric Ka¨hler potential (of the two divisors D4 and D5) for Swiss-Cheese Calabi-Yau WCP
4[1, 1, 1, 6, 9]
using its toric data and GLSM techniques in the large volume limit. The geometric Ka¨hler potential is
first expressed, using a general theorem due to Umemura, in terms of genus-five Siegel Theta functions or
in the LVS limit genus-four Siegel Theta functions. Later using a result due to Zhivkov, for purposes of
calculations for our paper, we express the same in terms of derivatives of genus-two Siegel Theta functions.
Further, let’s look at the anomaly-mediated gaugino masses which are given by (See [59, 60]):
ma
g2a
= −
[
− (∑r nrTa(r)− 3Tadj(Ga))m 3
2
− (∑r nrTa(r)− Tadj(Ga))FmKˆm + 2∑r Ta(r)Fm∂mln det (Kˆij¯)]
8π2
.
(101)
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Using Fm∂mKˆ ∼ m 3
2
V 118 and (D7), one sees that:
ma
g2a
∼
V 118m 3
2
8π2
, (102)
which using g2a ∼ V−
1
18 (from (100)), implies
ma ∼ 1
8π2
m 3
2
. (103)
From (67) and (103), one sees that similar to [8, 13], the anomaly mediated gaugino masses are suppressed
by the standard loop factor as compared to the gravity mediated gaugino masses. It has been found that
due to competing contributions from the Wilson line moduli, there is a non-universality in the F-terms
F σ
B ∼ V 118 m 3
2
which for V ∼ 106 is approximately of the same order as FGa ∼ m 3
2
; F σ
S ∼ V 3736 m 3
2
-
a reverse non-universality as compared to, e.g., [61]. This is attributable to the cancelation between the
divisor volume corresponding to D5 and the Wilson line moduli contribution in “TB”. Further, wherever
there is a contribution from F σ
S
to the soft parameters, there will be a hierarchy/non-universality.
The matter fields corresponding to the position moduli of the mobile D3-brane are heavier than the
gravitino and show universality. However, Wilson line modulus mass is different. We obtain a hierarchy in
the physical mu terms µˆ, the µˆB-terms as well as the physical Yukawa couplings Yˆ ; however we obtain a
universality for the A-terms - larger than m 3
2
- for the D3-brane position moduli and the Wilson line moduli.
However it can be easily seen from table 1 that in the physical µˆ, Yˆ and µˆB terms, that main part of the
non-universality appears from the Wilson moduli contributions while there is an approximate universality
in the D3-brane position moduli components for which the physical µˆ, Yˆ and µˆB are heavier than gravitino.
Also, as the string scale in our setup is nearly of the same order as the GUT scale and the open string
moduli are more massive as compared to the ∼ TeV gravitino (and gauginos), one can expect (e.g. see [9])
that the presence of non-universality will be consistent with the low energy FCNC constraints. Further we
have found that µˆ2 ∼ µˆB for the D3-brane position moduli (which show universality of almost all the soft
SUSY breaking parameters) consistent with the requirement of a stable vacuum spontaneously breaking
supersymmetry - see [62] - whereas µˆ2 ≪ µˆB for components with only Wilson line modulus as well as the
same mixed with the D3-brane position moduli. Also, the un-normalized physical mu-parameters for the
D3-brane position moduli (KˆZiZ¯iµˆZiZi) are ∼ TeV, as required for having correct electroweak symmetry
breaking [62, 63]. Our results are summarized in Table 1.
It will be interesting to see what happens to the couplings with the inclusion of higher derivative terms
- one expects to include 148
∫
ΣB
(p1 (TΣB)− p1 (NΣB)) as an additive shift to F of section 2 (See [49]).
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Gravitino mass m 3
2
∼ V−n
s
2
−1
Gaugino mass Mg˜ ∼ m 3
2
D3-brane position moduli mass mZi ∼ V
19
36m 3
2
Wilson line moduli mass mA˜1 ∼ V
73
72m 3
2
AZiZjZk ∼ nsV
37
36m 3
2
A-terms AA˜1A˜1A˜1 ∼ nsV
37
36m 3
2
AA˜21Zi ∼ n
sV 3736m 3
2
AA˜1ZiZj ∼ nsV
37
36m 3
2
Physical µ-terms µˆZiZj ∼ V
37
36m 3
2
µˆA1Zi ∼ V−
3
4m 3
2
µˆA1A1 ∼ V−
33
36m 3
2
YˆZiZiZi ∼ V
43
24m 3
2
YˆZ2i Zj ∼ V
37
24m 3
2
Physical Yukawa couplings YˆZ2i A˜1 ∼ V
1
72m 3
2
YˆZ1Z2A˜1 ∼ V−
17
72m 3
2
YˆA˜21Zi ∼ V
− 127
72 m 3
2
YˆA˜1A˜1A˜1 ∼ V−
85
24m 3
2
(µˆB)ZiZi ∼ V
223
108m23
2
µˆB-terms (µˆB)Z1Z2 ∼ V
37
18m23
2
(µˆB)A˜1A˜1 ∼ V
5
36m23
2
(µˆB)ZiA˜1 ∼ V−
13
18m23
2
Table 1: Results Summarized
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A Justification behind AI ∼ V− 14
In this section we justify that the Wilson line moduli can be stabilized, in a self-consistent manner,
at values of the order of V− 14 . We evaluate the complete moduli space metric for arbitrary Wilson
line moduli but close to V− 14 - for simplicity we assume only one such modulus. This implies that
we replace TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)
with V 118 (and the same for
TS(σS , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)
) with the understanding that there is a can-
celation between the big divisor’s volume and the quadratic term in the Wilson line moduli. This is only to
simplify the calculation of the metric for arbitrary values of the Wilson line modulus - we would arrive at
the same conclusion by starting out with a completely arbitrary value of the Wilson line modulus and sta-
bilizing it by extremizing the potential. We assume that all the remaining moduli have been stabilized (the
complex structure and axion-dilaton moduli via the covariant constancy of the superpotential, the closed
string Ka¨hler and the open string mobile D3 brane position moduli via extremization of the potential). We
then show that the potential is identically an extremum for all values of the Wilson line modulus close to
V− 14 .
As we are considering the rigid limit of wrapping of the D7-brane around D5 (to ensure that there is
no obstruction to a chiral matter spectrum), there will be no superpotential generated due to the fluxes
on the world volume of the D7-brane [29] - the same is given by κ24µ7lζ
A
∫
ΣB
s˜A ∧ F˜ , s˜A ∈ H2∂¯,−(ΣB)
and vanishes when ζA = 0. Further, by restricting the mobile D3-brane to D5, possible contribution to
the non-perturbative superpotential due to gaugino condensation in the presence of a stack of D7-branes
wrapping (a rigid) D5, will be nullified. The reason is that the contribution to the non-perturbative su-
perpotential due to gaugino condensation on a stack of N D7-branes wrapping D5 will be proportional to(
1 + z181 + z
18
2 + z
3
3 − 3φ0z61z62
) 1
N , which according to [55], vanishes whenever the mobile D3-brane touches
the wrapped D7-brane. Hence, when the mobile D3-brane is restricted to D5, the aforementioned con-
tribution to the non-perturbative superpotential goes to zero. It is for this reason that we are justified
in considering a single wrapped D7-brane, which anyway can not effect gaugino condensation. Hence,
again using the reasoning of [6, 42, 55], the superpotential, assuming as in KKLT scenarios a very small
complex-structure moduli-dependent superpotential which (as in [6]) we disregard as compared to the non-
perturbative superpotential, will be given by:
W ∼
(
1 + z181 + z
18
2 + z
2
3 − 3φ0z61z62
)ns∑
ma
ei
τm2
2
+insmaGa+insTs
f(τ)
, (A1)
where TS is the aI = 0 limit of (7) corresponding to an ED3-instanton wrapping D4 and f(τ) is some
appropriate modular function, which we do not know. In the following, we assume that the complexified
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Wilson line moduli are given entirely in terms of the Wilson line moduli and verify this in a self-consistent
manner by extremization of the potential.
To evaluate the potential, we would need to evaluate the inverse of the moduli space metric. As also
stated in 3.2, we then show then in a self-consistent manner that one can set all components of sections of
NΣB and all components save one of the Wilson line moduli A1 to zero - the non-zero Wilson line modulus
can be consistently stabilized to V− 14 . Now, the derivatives of K relevant to the calculation of the moduli
space metric GAB¯ , assuming A1 to be in the neighborhood of V−
1
4 , are given below:
1. Single Derivatives
• ∂K∂zi
∂K
∂zi
= − 2Y
[
3a
2
(
2τB + µ3l
2V 118 + ...− γKgeom
) 1
2
{
3iµ3l
2(ωB)ij¯ z¯
j¯ +
3
4
µ3l
2
(
(ωB)ij¯ z¯
a˜(Pa˜)j¯l zl + (ωB)lj¯zlz¯a˜(P)j¯i
)
−γ(lnV)− 712V 2936
}
− 3a
2
(
2τS + µ3l
2V 118 + ...− γKgeom
) 1
2
{
3iµ3l
2(ωS)ij¯ z¯
j¯ +
3
4
µ3l
2
(
(ωS)ij¯ z¯
a˜(Pa˜)j¯l zl + (ωS)lj¯zlz¯a˜(P)j¯i
)
−γ(lnV)− 712V 2936
}]
(A2)
• ∂K∂σα
∂K
∂σα
= − 2Y
[
3a
2
(2τα + µ3l
2V 118 + ...− γKgeom)
] 1
2
. (A3)
• ∂K∂Ga
∂K
∂Ga = −
2
Y
[
−3a
2
(
2τB + µ3l
2V 118 + ...− γKgeom
) 1
2
(τ − τ¯ ) κBac(G
c − G¯c) + 3a
2
(
2τS + µ3l
2V 118 + ...− γKgeom
) 1
2
(τ − τ¯) κSac(G
c − G¯c)
+4
∑
β∈H−2 (CY3,Z)
n0β
∑
m,n∈Z2/(0,0)
(τ¯ − τ) 32
(2i)
3
2 |m+ nτ |3
sin (mk.B + nk.c) τnk
a +mka
(τ − τ¯a)
]
(A4)
• ∂K
∂AI
∂K
∂AI = −
2
Y
[(
2τB + µ3l
2V 118 + ...− γKgeom
) 1
2 .6iκ4µ7(CB)
IK¯A¯K¯
]
(A5)
2. Double Derivatives
• ∂2K
∂¯σ¯B∂σB
∂2K
∂¯σ¯α∂σα
=
2
Y2
[
3a
2
√
2τα + µ3l2V 118 + ...− γKgeom
]2
− 3a
2Y
1√
2τα + µ3l2V 118 + ...− γKgeom
∼ µ3l
2
V 3536
(A6)
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• ∂2K
∂¯σ¯B∂σS
∂2K
∂¯σ¯S∂σB
=
2
Y2
[
3a
2
√
2τS + µ3l2V 118 + ...− γKgeom
] [
3a
2
√
2τB + µ3l2V 118 + ...− γKgeom
]
∼ µ3l
2
V 3536
(A7)
• ∂2K
∂Ga∂¯Ga
∂2K
∂Ga∂¯Gb =
2
Y2
[
−3a
2
√
2τB + µ3l2V 118 + ...− γKgeom
(τ − τ¯) κBac(G
c − G¯c) + 3a
2
√
2τS + µ3l2V 118 + ...− γKgeom
(τ − τ¯) κSac(G
c − G¯c)
−4
∑
β∈H−2 (CY3,Z)
n0β
∑
m,n∈Z2/(0,0)
(τ¯ − τ) 32
(2i)
3
2 |m+ nτ |3
sin (mk.B + nk.c) τ¯nk
a +mka
(τ − τ¯)
]
×
[
−3a
2
√
2τB + µ3l2V 118 + ...− γKgeom
(τ − τ¯) κBad(G
d − G¯d) + 3a
2
√
2τS + µ3l2V 118 + ...− γKgeom
(τ − τ¯) κSad(G
d − G¯d)
−4
∑
β∈H−2 (CY3,Z)
n0β
∑
m,n∈Z2/(0,0)
(τ¯ − τ) 32
(2i)
3
2 |m+ nτ |3
sin (mk.B + nk.c) τnk
a +mka
(τ − τ¯)
]
− 2Y
[
3a
2
√
2τB + µ3l2V 118 + ...− γKgeom
(τ − τ¯) κBab +
3a
2
√
2τS + µ3l2V 118 + ...− γKgeom
(τ − τ¯) κSac
−4
∑
β∈H−2 (CY3,Z)
n0β
∑
m,n∈Z2/(0,0)
(τ¯ − τ) 32
(2i)
3
2 |m+ nτ |3
cos (mk.B + nk.c) τ¯nk
a +mka
(τ − τ¯)
τ¯nkb +mkb
(τ − τ¯)
]
∼
∑
n0βcos(...)
V (A8)
• ∂2K
∂σα∂¯Ga
(a)
∂2K
∂σB ∂¯Ga =
3a
Y2
√
2τB + µ3l2V 118 + ...− γKgeom
[
−3a
2
√
2τB + µ3l2V 118 + ...− γKgeom
(τ − τ¯) κBac(G
c − G¯c)
+
3a
2
√
2τS + µ3l2V 118 + ...− γKgeom
(τ − τ¯) κSac(G
c − G¯c)
−4
∑
β∈H−2 (CY3,Z)
n0β
∑
m,n∈Z2/(0,0)
(τ¯ − τ) 32
(2i)
3
2 |m+ nτ |3
sin (mk.B + nk.c) τ¯nk
a +mka
(τ − τ¯)
]
+
9ai
2
√
2τB + µ3l2V 118 + ...− γKgeom
κBac
(Ga − G¯a) ∼ V−
37
36κBacGc√
µ3l2
(b) Similarly,
∂2K
∂σS ∂¯Ga ∼∼
V− 3736κSacGc√
µ3l2
. (A9)
33
• ∂2K
∂z¯i¯∂¯Ga
∂2K
∂z¯ i¯∂¯Ga = −
2
Y
[
− 3a
2(τ − τ¯)

 κBac√
2τB + µ3l2V 118 + ...− γKgeom
− κSac√
2τS + µ3l2V 118 + ...− γKgeom

]
+
2
Y2
[√
2τB + µ3l2V 118 + ...− γKgeom
{
µ3l
2V 118 {ωB − ωS}ij¯ ξj¯ − γ (lnV)−
7
12 V 2936
}]
[
−3a
2
√
2τB + µ3l2V 118 + ...− γKgeom
(τ − τ¯) κBac(G
c − G¯c) + 3a
2
√
2τS + µ3l2V 118 + ...− γKgeom
(τ − τ¯) κSac(G
c − G¯c)
−4
∑
β∈H−2 (CY3,Z)
n0β
∑
m,n∈Z2/(0,0)
(τ¯ − τ) 32
(2i)
3
2 |m+ nτ |3
sin (mk.B + nk.c) τ¯nk
a +mka
(τ − τ¯)
]
∼ {ωB − ωS}ij¯ ξ
j¯∑
β k
an0βsin(...)(µ3l
2)
3
2
V 3518
∼ k
a {ωB − ωS}ij¯ ξj¯
V 109
(A10)
• ∂2K
∂AI ∂¯Ga
∂2K
∂AI ∂¯Ga = −
2
Y
[
6iκ2µ7(cB)
IK¯√
2τB + µ3l2V 118 + ...− γKgeom
(
− 3i
(τ − τ¯)κBac(G
c − G¯c¯)
)]
+
2
Y
[
−3a
2
√
2τB + µ3l2V 118 + ...− γKgeom
(τ − τ¯) κBac(G
c − G¯c) + 3a
2
√
2τS + µ3l2V 118 + ...− γKgeom
(τ − τ¯) κSac(G
c − G¯c)
−4
∑
β∈H−2 (CY3,Z)
n0β
∑
m,n∈Z2/(0,0)
(τ¯ − τ) 32
(2i)
3
2 |m+ nτ |3
sin (mk.B + nk.c) τnk
a +mka
(τ − τ¯)
]
×
[
3a
2
(
2τB + µ3l
2V 118 + ...− γKgeom
) 1
2 .6iκ2µ7(cB)
IK¯A¯K¯
]
∼ V
5
36κBabGb√
µ3l2
A1 (A11)
• ∂2K
∂zi∂¯z¯j¯
∂2K
∂zi∂¯z¯j¯
=
2
Y2
[
3a
2
(
2τB + µ3l
2V 118 + ...− γKgeom
) 1
2
{
3iµ3l
2(ωB)ik¯z¯
k¯ +
3
4
µ3l
2
(
(ωB)ik¯z¯
a˜(Pa˜)k¯l zl + (ωB)lk¯zlz¯a˜(P)k¯i
)
−γ(lnV)− 712V 2936
}
− 3a
2
(
2τS + µ3l
2V 118 + ...− γKgeom
) 1
2
{
3iµ3l
2(ωS)ik¯z¯
k¯ +
3
4
µ3l
2
(
(ωS)ik¯z¯
a˜(Pa˜)j¯l zl + (ωS)lk¯zlz¯a˜(P)k¯i
)
−γ(lnV)− 712V 2936
}]
×
[
3a
2
(
2τB + µ3l
2V 118 + ...− γKgeom
) 1
2
{
−3iµ3l2(ωB)kj¯zk −
3
4
µ3l
2
(
(ωB)kj¯z
a˜(Pa˜)kl¯ z¯l + (ωB)l¯kz¯ l¯za˜(P)ki¯
)
34
−γ(lnV)− 712V 2936
}
− 3a
2
(
2τS + µ3l
2V 118 + ...− γKgeom
) 1
2
{
−3iµ3l2(ωS)kj¯zk −
3
4
µ3l
2
(
(ωS)kj¯z
a˜(Pa˜)jl¯ z¯ l¯ + (ωS)kl¯z¯ l¯za˜(P)ki¯
)
−γ(lnV)− 712V 2936
}]
− 2Y
[
3a
2
(
2τB + µ3l
2V 118 + ...− γKgeom
) 1
2
{
3iµ3l
2(ωB)ij¯ − γ (lnV)−
7
12 V 518
}]
∼
(µ3l
2)3
(
{ωB − ωS}ij¯ ξj¯
)2
V 1718
(A12)
• ∂2K
∂aI ∂¯z¯i
∂2K
∂AI ∂¯z¯i =
2
Y2
[
3a
2
(
2τB + µ3l
2V 118 + ...− γKgeom
) 1
2
{
3iµ3l
2(ωB)ik¯z¯
k¯ +
3
4
µ3l
2
(
(ωB)ik¯z¯
a˜(Pa˜)k¯l zl + (ωB)lk¯zlz¯a˜(P)k¯i
)
−γ(lnV)− 712V 2936
}
− 3a
2
(
2τS + µ3l
2V 118 + ...− γKgeom
) 1
2
{
3iµ3l
2(ωS)ik¯z¯
k¯ +
3
4
µ3l
2
(
(ωS)ik¯z¯
a˜(Pa˜)j¯l zl + (ωS)lk¯zlz¯a˜(P)k¯i
)
−γ(lnV)− 712V 2936
}]
− 2Y
[
6iκ24µ7(cB)
IJ¯A¯J¯ ×
3a
2
{
3iµ3l
2(ωB)ik¯z¯
k¯ + 34µ3l
2
(
(ωB)ik¯z¯
a˜(Pa˜)k¯l zl + (ωB)lk¯zlz¯a˜(P)k¯i
)
− γ(lnV)− 712V 2936
}
(
2τB + µ3l2V 118 + ...− γKgeom
) 1
2
]
∼ V 16
√
µ3l2 {ωB − ωS}ij¯ ξj¯AI (A13)
• ∂2K
∂¯z¯i∂σα
∂2K
∂¯z¯i∂σα
=
2
Y2
3a
2
(
2τB + µ3l
2V 118 + ...− γKgeom
) 1
2
×
[
3a
2
(
2τB + µ3l
2V 118 + ...− γKgeom
) 1
2
{
3iµ3l
2(ωB)ik¯z¯
k¯ +
3
4
µ3l
2
(
(ωB)ik¯z¯
a˜(Pa˜)k¯l zl + (ωB)lk¯zlz¯a˜(P)k¯i
)
− γ (lnV)− 712 V 2936
}
−3a
2
(
2τS + µ3l
2V 118 + ...− γKgeom
) 1
2
{
3iµ3l
2(ωS)ik¯z¯
k¯ +
3
4
µ3l
2
(
(ωS)ik¯z¯
a˜(Pa˜)j¯l zl + (ωS)lk¯zlz¯a˜(P)k¯i
)
− γ (lnV)− 712 V 2936
}]
− 3a
2Y
{
3iµ3l
2(ωα)ik¯z¯
k¯ + 34µ3l
2
(
(ωα)ik¯z¯
a˜(Pa˜)k¯l zl + (ωα)lk¯zlz¯a˜(P)k¯i
)
− γ (lnV)− 712 V 2936
}
(
2τα + µ3l2V 118 + ...− γKgeom
) 1
2
∼ {ωB − ωS}ij¯ ξj¯
µ3l
2
V .
(A14)
• ∂2K
∂¯σ¯α∂A1
(a)
∂2K
∂¯σ¯B∂AI =
2
Y2
(
2τB + µ3l
2V 118 + ...− γKgeom
) 1
2
[
3a
2
(
2τB + µ3l
2V 118 + ...− γKgeom
) 1
2
.6iκ2µ7(cB)
IJ¯AJ¯
]
35
− 2Y
[
3a
4
6iκ2µ7(cB)
IK¯A¯K¯(
2τB + µ3l2V 118 + ...− γKgeom
) 1
2
]
∼ V
5
36√
µ3l2
A1;
(b) Similarly,
∂2K
∂¯σ¯S∂AI ∼
V 536√
µ3l2
A1. (A15)
• ∂2K
∂AI ∂¯A¯I
∂2K
∂aI ∂¯A¯I = −
2
Y
[
3a
4
(6iκ24µ7)
2(cB)
IK¯AK¯(cB)LJ¯AL(
2τB + µ3l2V 118 + ...− γKgeom
) 1
2
+
3a
2
(
2τB + µ3l
2V 118 + ...− γKgeom
) 1
2 .6iκ2µ7(cB)
IJ¯
+
2
Y2
[
3a
2
(
2τB + µ3l
2V 118 + ...− γKgeom
) 1
2 .6iκ2µ7(cB)
IK¯ a¯K¯
]
×
[
3a
2
(
2τB + µ3l
2V 118 + ...− γKgeom
) 1
2 .6iκ2µ7(cB)
LJ¯AL
]
∼ V
47
36√
µ3l2
|A1|2 (A16)
Hence, the combined closed- and open-string (matter field) moduli-space metric is given as under:
GAB¯ ∼


1
z35/36
1
z35/36
A
σBG1
z37/36
A
σBG2
z37/36
A
σBz1
z
A
σBz2
z AσαA1A1z5/36
1
z35/36
1
z35/36
A
σSG1
z37/36
A
σSG2
z37/36
A
σSz1
z
A
σSz2
z AσαA1A1z5/36
A
σBG1
z37/36
A
σSG1
z37/36
AG1G1 AG1G2
AG1z1
z10/9
AG1z2
z10/9
AG1A1A1z5/36
A
σBG2
z37/36
A
σSG2
z37/36
AG1G2 AG2G2
AG2z1
z10/9
AG2z2
z10/9
AG2A1A1z5/36
A
σBz1
z
A
σSz1
z
AG1z1
z10/9
AG2z1
z10/9
Az1z1
z17/18
Az1z2
z17/18
Az1A1A1 6
√
z
A
σBz2
z
A
σSz2
z
AG1z2
z10/9
AG2z2
z10/9
Az1z2
z17/18
Az2z2
z17/18
Az2A1A1 6
√
z
AσαA1A1z5/36 AσαA1A1z5/36 AG1A1A1z5/36 AG2A1A1z5/36 Az1A1A1 6
√
z Az2A1A1 6
√
z A12z47/36


(A17)
We have assumed in this paper that the involution σ is such that
∑
β∈H−
2
(CY3,Z)
n0
β
sin(...)
V 13
∼ Vk, where
k
(
∈
(
0, 23
))
= 12 and
∑
β n
0
βcos(...) ∼ V. The components of (G−1)AB¯ are given as follows:
(G−1)σ
ασ¯β ∼ V 1918 ;
(G−1)σ
α z¯i¯ ∼ V;
(G−1)σ
αG¯a ∼ V 136 ;
(G−1)σ
αA¯1 ∼ V
5
36
A1 ;
(G−1)G
aG¯b ∼ V0;
(G−1)G
az¯i¯ ∼ V− 136 ;
(G−1)G
aA¯1 ∼ V
− 7
6
A1 ;
(G−1)z
iz¯j¯ ∼ V 1718 ;
36
(G−1)z
iA¯1 ∼ V
− 7
36
A1 ;
(G−1)A1A¯1 ∼ V
− 47
36
A21
. (A18)
Now, restricted to D5, using (A18), (A1), assuming that the complexified Wilson line moduli can be
stabilized around A1 ∼ V− 14 and:
∂σαK ∼
√
µ3l2V− 3536 , ∂σBW ∼ 0, ∂σSW ∼ nsW ;
∂GaK ∼
∑
β n
0
βsin(...)
V ∼ V
− 1
6 , ∂GaW ∼ ns(ma + G
a
lnV )W ;
∂ziK|D5 ∼
(µ3l
2)
3
2 {ωB − ωS}ij¯ ξj¯
V 1718
, ∂ziW |D5 ∼ µ3l2 {ωS}ij¯ V
1
36W ;
∂A1K ∼
√
µ3l2(iκ
2
4µ7C11¯)
V A1 ∼ V
7
36A1, ∂A1W ∼ 0, (A19)
one obtains the following F-terms:
eKGσ
ασ¯α¯DσαWD¯σ¯α¯W¯ ∼ (n
s)2|W |2V 1918
V2 ≡ most dominant ∼ V0(≡ extremum value);
eKGG
aG¯bDGaWDG¯bW¯ ∼
(ns)2mamb|W |2
V2 ;
eKGσ
αG¯aDσαWDG¯aW¯ ∼
(ns)2ma|W |2V 136
V2 ;
eKGσ
α z¯i¯DσαWDz¯i¯W¯ ∼
|W |2nsµ3l2 (ωα)ij¯ ξj¯V
37
36
V2 ;
eKGσ
αA¯1DσαWDA¯1W¯ ∼
ns|W |2V 118A1
V2A1 ,
eKGG
az¯i¯DGaWDz¯iW¯ ∼
|W |2ns
(
ma + G
a
lnV
)
µ3l
2 (ωS)ij¯ ξ
j¯
V2 ;
eKGG
aA¯1DGaWDA¯1W¯ ∼
nsma|W |2V− 3536A1
V2A1 ,
eKGz
iz¯jDziWDz¯jW¯ ∼
|W |2V(µ3l2)2 (ωS)ik¯ ξk¯ (ωS)j¯l ξl
V2 ,
eKGz
iA¯1DziWDA¯1W¯ ∼
|W |2µ3l2V 136 (ωS)ij¯ ξj¯A1
V2A1 ,
eKGA1A¯1DA1WDA¯1W¯ ∼
V− 1112 |A1|2
V2|A1|2 . (A20)
We thus see the independence of the N = 1 potential in the LVS limit in a self-consistent way on A1
assuming it to be around V− 14 . This justifies our assumption that one can taken the Wilson line moduli
to be stabilized around V− 14 ; we hence do get a competing contribution of the order of the volume of D5
in TB , which would hence guarantee O(1) Yang-Mills coupling constant corresponding to the non-abelian
gauge theory living on a stack of D7-branes wrapping D5. Note that AI = 0 is also an allowed extremum,
which is in conformity with switching off of all but one Wilson line moduli for our analysis.
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B Derivatives of K|D5 and K|D4
One needs the first and second derivatives of the geometric Ka¨hler potential with respect to the position
moduli of the mobileD3 brane, restricted in this paper, for convenience, toD5. We also give, for completeness
and for future work, the same for the geometric Ka¨hler potential restricted to D4.
The first and (mixed) second order derivatives of K|D5 are as follows:
• ∂z1K|D5 =
−3 r2
3 (z33)
(
z1
17 − φ z15 z26
)
+ 4
(
ζ
r1 |z3|2
) 1
6 ((−2φ z16 z26 + z218) z¯1 − z15 (z112 − φ z26) (1 + |z2|2))
+
3 r1
(
ζ
r1 |z3|
2
) 1
6

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ζ
r1 |z3|
2
) 1
6
+
3 φ r2 z1
5 z2
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ζ
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2
) 1
6


−r2+
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ζ
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) 1
6
+z1 z¯1
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ζ
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6
+z2 z¯2
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ζ
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2 ζ
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ζ
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2
) 1
6
)
r1
∼ V 1136 + (lnV)− 112 V 1736 +√lnVV 1736 + (lnV)− 712 V 2936 ∼ (lnV)− 712 V 2936
• ∂z2Kgeom = ∂z1Kgeom(z1 ↔ z2) ∼ (lnV)−
7
12 V 2936
• ∂z1 ∂¯z¯1Kgeom =
−1
3 (z33)
(
ζ
r1 |z3|2
) 1
6
(
4
(−2φ z16 z26 + z218)+ 4 (z¯171 −φ z¯51 z¯62) ((2φ z16 z26−z218) z¯1+z15 (z112−φ z26) (1+|z2|2))−3z33
+
2 ζ
(
ζ
r1 |z3|
2
) 1
6
((2φ z16 z26−z218) z¯1+z15 (z112−φ z26) (1+|z2|2)) (2φ z1 z¯61 z¯62−z1 z¯182 +z¯171 (1+|z2|2)−φ z¯51 z¯62 (1+|z2|2))
r1 (z¯33)
−
3 r1 z¯51 (z¯121 −φ z¯62)

4 z117−4φ z15 z26+3 z118 z¯1−φ z16 z26 z¯1−z218 z¯1+4 z117 z2 z¯2−4φ z15 z27 z¯2− 3 r2 z117(
ζ
r1 |z3|
2
) 1
6
+
3φ r2 z1
5 z2
6(
ζ
r1 |z3|
2
) 1
6


(−z¯33)
(
−r2+
(
ζ
r1 |z3|
2
) 1
6
+|z1|2
(
ζ
r1 |z3|
2
) 1
6
+|z2|2
(
ζ
r1 |z3|
2
) 1
6
)
− 3 r1 (2φz1 z¯
6
1 z¯
6
2−z1 z¯182 +z¯171 (1+|z2|2)−φ z¯51 z¯62 (1+|z2|2)) (Σ1)
(−z¯33)
(
−r2+
(
ζ
r1 |z3|
2
) 1
6
+|z1|2
(
ζ
r1 |z3|
2
) 1
6
+|z2|2
(
ζ
r1 |z3|
2
) 1
6
)2+
2 (2φ z16 z26−z218) ζ
(
r2−(1+|z1|2+|z2|2)
(
ζ
r1 |z3|
2
) 1
6
)
r1
−
2 ζ z¯51 (z¯121 −φ z¯62) ((2φ z16 z26−z218) z¯1+z15 (z112−φz26) (1+|z2|2))
(
r2−(1+|z1|2+|z2|2)
(
ζ
r1 |z3|
2
) 1
6
)
r1 (−z¯33)
+
3 r1

3 z118−φ z16 z26−z218− 3 r2 z117 (z¯171 −φ z¯51 z¯62)(
ζ
r1 |z3|
2
) 1
6
(−z¯33)
− 3φ r2 z1
5 z2
6 (−z¯171 +φ z¯
5
1
z¯6
2)(
ζ
r1 |z3|
2
) 1
6
(z¯181 −3φ z¯
6
1
z¯6
2
+z¯18
2 )


−r2+
(
ζ
r1 |z3|
2
) 1
6
+|z1|2
(
ζ
r1 |z3|
2
) 1
6
+|z2|2
(
ζ
r1 |z3|
2
) 1
6
)
38
∼ (lnV)− 112 V− 59
(√V+√V+(lnV)− 712 V− 136+(lnV) 712 √V+√VlnV+ 1√
lnVV
5
6+ 1√
lnVV
5
6+(lnV) 712 √V
)
∼
(lnV)− 712 V 518
• ∂z2 ∂¯z¯2Kgeom = ∂z1 ∂¯z¯1Kgeom(z1 ↔ z2) ∼ (lnV)−
7
12 V 518
• ∂z1 ∂¯z¯2Kgeom =
− 1
3 (−z33)
(
4 z15 z2
(
z1
12 − φ z26
) ( ζ
r1 |z3|2
) 1
6+
4 (φ z¯61 z¯52−z¯172 )
(
ζ
r1 |z3|
2
) 1
6
((2φ z16 z26−z218) z¯1+z15 (z112−φz26) (1+|z2|2))
−z¯33
+
2 ζ
(
ζ
r1 |z3|
2
) 1
3
(z2 z¯181 +φz1 z¯71 z¯52−z¯172 −z1 z¯1 z¯172 +φ z¯61 z¯52 (1−2 z2 z¯2)) ((2φ z16 z26−z218) z¯1+z15 (z112−φ z26) (1+|z2|2))
r1 (−z¯33)
+
3 r1 z¯52 (−(φ z¯61)+z¯122 )
(
ζ
r1 |z3|
2
) 1
6

4 z117−4φ z15 z26+3 z118 z¯1−φz16 z26 z¯1−z218 z¯1+4 z117 z2 z¯2−4φ z15 z27 z¯2− 3 r2 z117(
ζ
r1 |z3|
2
) 1
6
+
3φ r2 z1
5 z2
6(
ζ
r1 |z3|
2
) 1
6


(−z¯33)
(
−r2+
(
ζ
r1 |z3|
2
) 1
6
+|z1|2
(
ζ
r1 |z3|
2
) 1
6
+|z2|2
(
ζ
r1 |z3|
2
) 1
6
) +
3 r1
(
ζ
r1 |z3|
2
) 1
6
(−(z2 z¯181 )−φ z1 z¯71 z¯52+z¯172 +z1 z¯1 z¯172 +φ z¯61 z¯52 (−1+2 |z2|2)) (Σ1)
(−z¯33)
(
−r2+
(
ζ
r1 |z3|
2
) 1
6
+z1 z¯1
(
ζ
r1 |z3|
2
) 1
6
+z2 z¯2
(
ζ
r1 |z3|
2
) 1
6
)2
+
3 r1 z15 (z112−φz26)
(
−3φ r2 z¯61 z¯52+3 r2 z¯172 −4 z2 z¯181
(
ζ
r1 |z3|
2
) 1
6
+12φ z2 z¯61 z¯
6
2
(
ζ
r1 |z3|
2
) 1
6−4 z2 z¯182
(
ζ
r1 |z3|
2
) 1
6
)
(−z¯33)
(
−r2+
(
ζ
r1 |z3|
2
) 1
6
+|z1|2
(
ζ
r1 |z3|
2
) 1
6
+|z2|2
(
ζ
r1 |z3|
2
) 1
6
)
−
2 z15 z2 (z112−φz26) ζ
(
ζ
r1 |z3|
2
) 1
6
(
r2−(1+|z1|2+|z2|2)
(
ζ
r1 |z3|
2
) 1
6
)
r1
+
2 ζ z¯52 (−(φ z¯61)+z¯122 )
(
ζ
r1 |z3|
2
) 1
6
((2φz16 z26−z218) z¯1+z15 (z112−φ z26) (1+|z2|2))
(
r2−(1+|z1|2+|z2|2)
(
ζ
r1 |z3|
2
) 1
6
)
r1 (−z¯33)
)
,
∼ 1√V
(
(lnV)− 112 V 1118+(lnV)− 112 V 49+(lnV)− 23 V 49+(lnV) 112 V 49+(lnV) 512 V 49+√lnVV 49+(lnV)− 712 V 79+
(lnV)− 712 V 79
)
∼ (lnV)− 712 V 518
where Σ1 ≡ 3 r2 z117 − 3φ r2 z15 z26 − 4 z117
(
ζ
r1 |z3|2
) 1
6 + 4φ z1
5 z2
6
(
ζ
r1 |z3|2
) 1
6 − 3 z118 z¯1
(
ζ
r1 |z3|2
) 1
6 +
φ z1
6 z2
6 z¯1
(
ζ
r1 |z3|2
) 1
6 + z2
18 z¯1
(
ζ
r1 |z3|2
) 1
6 − 4 z117 |z2|2
(
ζ
r1 |z3|2
) 1
6 + 4φ z1
5 z2
7 z¯2
(
ζ
r1 |z3|2
) 1
6 ∼ V 2936 , and
Σ2 = Σ1(z1 ↔ z2) ∼ V 2936
Hence, in the LVS limit, the D5-metric components will scale with V as follows:
Gij¯ |D5(z1, z2) =
(
∂z1 ∂¯z¯1Kgeom ∂z1 ∂¯z¯2Kgeom
∂z2 ∂¯z¯1Kgeom ∂z2 ∂¯z¯2Kgeom
)
∼ (lnV)− 712 V 518
(
O(1) O(1)
O(1) O(1)
)
. (B1)
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The mixed double derivatives of the Ka¨hler potential restricted to D4 are given as under:
∂2∂¯2K|D4 = 13
{
−12 3 19 r22 (φ z16 z25−z217) z¯52 (1+|z1|2+|z2|2) (−(φ z¯61)+z¯122 )
(r22 |z181 +z182 −3φz61z62 |2)
10
9
−2 3
1
9 r22 z¯52 (−2φ z16 z25+2 z217+(−2φ z17 z25+2 z1 z217) z¯1+(−z118+φz16 z26+z218) z¯2) (−(φ z¯61)+z¯122 )
(r22 |z181 +z182 −3φz61z62 |2)
10
9
−
6 3
1
9 r22 (z118−3φ z16 z26+z218) z¯2 (−(φ z¯61 z¯52)+z¯172 )
(r22 |z181 +z182 −3φz61z62 |2)
10
9
+ 3 3
1
9
(r22 |z181 +z182 −3φz61z62 |2)
1
9
−
6 3
1
9 z2 (−(φ z16 z25)+z217)
(z118−3φ z16 z26+z218) (r22 |z181 +z182 −3φz61z62 |2)
1
9
+
3
1
9 (−z118+φ z16 z26+z218)
(z118−3φ z16 z26+z218) (r22 |z181 +z182 −3φz61z62 |2)
1
9
−
3 r1
(
3
1
9 (z118+5φ z16 z26−7 z218)−
12 r2
3 z2
5 (−(φ z16)+z212) (z118−3φ z16 z26+z218) (φ z¯61 z¯52−z¯172 )
(r22 |z181 +z182 −3φz61z62|2)
8
9
)
(z118−3φz16 z26+z218)
(
3
1
9+3
1
9 |z1|2+3
1
9 |z2|2−r2 (r22 |z181 +z182 −3φz61z62 |2)
1
9
) −
2 3
1
9 (2φ z16 z25−2 z217+2 (φ z17 z25−z1 z217) z¯1+(z118−φ z16 z26−z218) z¯2) (z¯181 −3φ z¯61 z¯62+z¯182 ) (Σ2) (Σ1)
(r22 |z181 +z182 −3φz61z62 |2)
4
3
+
6 3
1
9 z¯52 (2φ z16 z25−2 z217+2 (φ z17 z25−z1 z217) z¯1+(z118−φ z16 z26−z218) z¯2) (−(φ z¯61)+z¯122 ) (Σ1)2
(r22 |z181 +z182 −3φz61z62 |2)
4
3
−
3
1
9 (z118−φ z16 z26−z218) (z¯181 −3φ z¯61 z¯62+z¯182 ) (Σ1)2
(r22 |z181 +z182 −3φz61z62 |2)
4
3
+ 1
(z118−3φz16 z26+z218) (Σ)2
×
[
3 r1
(
Σ2
)(
8 3
1
9 z1 z2
5
(
φ z1
6 − z212
)
z¯1 + 3
1
9
(
z1
18 + 5φ z1
6 z2
6 − 7 z218
)
z¯2−
2 z2
5
(− (φ z16)+ z212)
(
4 3
1
9 − 3 r2
(
r2
2 |z181 + z182 − 3φz61z62 |2
) 1
9
))]}
LV S∼
3 r1
(
3
1
9 (z118+5φ z16 z26−7 z218)−
12 r2
3 z2
5 (−(φ z16)+z212) (z118−3φ z16 z26+z218)(φ z¯61 z¯
5
2
−z¯17
2 )
(r22 |z181 +z
18
2
−3φz6
1
z6
2
|2)
8
9
)
(z118−3φ z16 z26+z218)
(
3
1
9+3
1
9 |z1|2+3
1
9 |z2|2−r2 (r22 |z181 +z182 −3φz61z62 |2)
1
9
)
+ 1
(z118−3φz16 z26+z218) (Σ1)2
×
[
3 r1
(
Σ2
)(
8 3
1
9 z1 z2
5
(
φ z1
6 − z212
)
z¯1 + 3
1
9
(
z1
18 + 5φ z1
6 z2
6 − 7 z218
)
z¯2−
2 z2
5
(− (φ z16)+ z212)
(
4 3
1
9 − 3 r2
(
r2
2 |z181 + z182 − 3φz61z62 |2
) 1
9
))]
∼ √lnVV− 118 . where
Σ1 ≡ 3 19 + 3 19 |z1|2 + 3 19 |z2|2 − r2
(
r2
2 |z181 + z182 − 3φz61z62 |2
) 1
9 ,
Σ2 ≡ 3 19 z2 + 2 r2
3 (z118−3φ z16 z26+z218) (φ z¯61 z¯52−z¯172 )
(r22 |z181 +z182 −3φz61z62 |2)
8
9
∂1∂¯2Ks =
1
3
{
12 3
1
9 r22 (z117−φ z15 z26) z¯52 (1+|z1|2+|z2|2) (−(φ z¯61)+z¯122 )
(r22 |z181 +z182 −3φz61z62 |2)
10
9
+
6 3
1
9 r22 (z118−3φ z16 z26+z218) z¯1 (φ z¯61 z¯52−z¯172 )
(r22 |z181 +z182 −3φz61z62 |2)
10
9
+
2 3
1
9 z15 z2 (z112−φ z26)
(z118−3φ z16 z26+z218) (r22 |z181 +z182 −3φz61z62 |2)
1
9
+
6 3
1
9 z2 (−z117+φz15 z26)
(z118−3φ z16 z26+z218) (r22 |z181 +z182 −3φz61z62 |2)
1
9
−2 3
1
9 r22 z¯52 (−(φ z¯61)+z¯122 ) ((z118+φ z16 z26−z218) z¯1+2 z15 (z112−φ z26) (1+|z2|2))
(r22 |z181 +z182 −3φz61z62 |2)
10
9
+
40
6 r1 z15 (z112−φz26)
(
4 3
1
9 z2+
6 r2
3 (z118−3φ z16 z26+z218) (φ z¯61 z¯52−z¯172 )
(r22 |z181 +z182 −3φz61z62|2)
8
9
)
(z118−3φz16 z26+z218) (Σ1) +
2 3
1
9 z15 z2 (z112−φ z26) (z¯181 −3φ z¯61 z¯62+z¯182 ) (Σ1)2
(r22 |z181 +z182 −3φz61z62 |2)
4
3
+
2 3
1
9 (z¯181 −3φ z¯61 z¯62+z¯182 ) ((z118+φ z16 z26−z218) z¯1+2 z15 (z112−φ z26) (1+|z2|2)) (Σ2) (Σ1)
(r22 |z181 +z182 −3φz61z62 |2)
4
3
−
6 3
1
9 z¯52 (−(φ z¯61)+z¯122 ) ((z118+φ z16 z26−z218) z¯1+2 z15 (z112−φ z26) (1+|z2|2)) (Σ1)2
(r22 |z181 +z182 −3φz61z62 |2)
4
3
− 1
(z118−3φ z16 z26+z218) (Σ1)2
×
[
3 r1
(
3
1
9 z2 +
2 r23 (z118−3φz16 z26+z218) (φ z¯61 z¯52−z¯172 )
(r22 |z181 +z182 −3φz61z62 |2)
8
9
) (
3
1
9
(
7 z1
18 − 5φ z16 z26 − z218
)
z¯1 + 2 z1
5
(
z1
12 − φ z26
)
×
(
4 3
1
9 + 43
1
9 |z2|2 − 3 r2
(
r2
2 |z181 + z182 − 3φz61z62 |2
) 1
9
))]}
LV S∼
6 r1 z15 (z112−φ z26)
(
4 3
1
9 z2+
6 r2
3 (z118−3φ z16 z26+z218) (φ z¯61 z¯
5
2
−z¯17
2 )
(r22 |z181 +z182 −3φz61z62|2)
8
9
)
(z118−3φ z16 z26+z218) (Σ1) − 1(z118−3φz16 z26+z218) (Σ1)2
×
[
3 r1
(
3
1
9 z2 +
2 r23 (z118−3φz16 z26+z218) (φ z¯61 z¯52−z¯172 )
(r22 |z181 +z182 −3φz61z62 |2)
8
9
) (
3
1
9
(
7 z1
18 − 5φ z16 z26 − z218
)
z¯1 + 2 z1
5
(
z1
12 − φ z26
)
×
(
4 3
1
9 + 43
1
9 |z2|2 − 3 r2
(
r2
2 |z181 + z182 − 3φz61z62 |2
) 1
9
))]
∼ √lnVV− 118 .
C Intermediate Expansions Relevant to Evaluation of the Complete
Ka¨hler Potential as a Power Series in the Matter Fields
The following are relevant to the expansion of the geometric Ka¨hler potential in δzi:
•
3φ0z
6
1z
6
2 − z181 − z182 ∼
√
V
[
1− V− 136 (δz1 + δz2)− V− 118 ((δz1)2 + (δz2)2) + ...
]
,
r2 −
(
ζ
r1
) 1
6 (
1 + |z1|2 + |z2|2
) 1(∣∣3φ0z61z62 − z181 − z182 ∣∣2) 118
∼
r2 −
(
ζ
r1
) 1
6 V− 118
[
V 118 + V 136 (δz1 + δz2 + c.c.) + |δz1|2 + |δz2|2 + (δz1)2 + (δz2)2 + δz1δz2 + c.c. + |δz1 + δz2|2 + ...
]
,
−r2ln
(
ζ
r1
∣∣3φ0z61z62 − z181 − z182 ∣∣2
) 1
6
∼
−r2ln
{(
ζ
r1
) 1
6 V− 118
}
+ r2
δz − 1 + δz2 + c.c.
V 136
+ r2
(δz1)
2 + (δz2)
2 + δz1δz2 + c.c.+ |δz1 + δz2|2
V 118
− r2 (δz1 + δz2 + c.c.)
2
V 118
+ ...,
ζ
9r1

r2 −
(
ζ
r1
) 1
6 (
1 + |z1|2 + |z2|2
) 1(∣∣3φ0z61z62 − z181 − z182 ∣∣2) 118


2
∼
41
ζr22
9r1
[
1− 1
r2
(
ζ
r1
) 1
6 δz1 + δz2
V 136
+
1
r2
(δz1)
2 + (δz2)
2 + δz1δz2 + c.c.+ |δz1 + δz2|2
V 118
+
1
r22
(
ζ
r1
) 1
3 (δz1 + δz2 + c.c.)
2
V 118
+ ...
]
,
−r1ln


1
3
(
ζ
r1
) 1
2
r2 −
(
ζ
r1
) 1
6 (1 + |z1|2 + |z2|2) 1(
|3φ0z61z62−z181 −z182 |2
) 1
18
√∣∣3φ0z61z62 − z181 − z182 ∣∣2


∼ −r2ln
(
r2
√
ζ
r1
)
−r2
[√
ζ
r1
(|δz1|2 + |δz2|2 + (δz1)2 + (δz2)2 + δz1δz2 + c.c.+ |δz1 + δz2|2)
r2V 118
− 1
r2
√
ζ
r1
(δz1 + δz2 + c.c.
V 136
−
(
ζ
r1
) 1
3 ((δz1 + δz2 + c.c.)
2
V 118
]
+r1
[
−(δz1 + δz2 + c.c.)
V 136
− (|δz1|
2 + |δz2|2 + (δz1)2 + (δz2)2 + δz1δz2 + c.c. + |δz1 + δz2|2)
r2V 118
− ((δz1 + δz2 + c.c.)
2
V 118
]
+ ...
∼ −r2ln
(
r2
√
ζ
r1
)
+
r1
[
−(δz1 + δz2 + c.c.)
V 136
− (|δz1|
2 + |δz2|2 + (δz1)2 + (δz2)2 + δz1δz2 + c.c.+ |δz1 + δz2|2)
r2V 118
− ((δz1 + δz2 + c.c.)
2
V 118
]
+ ...
(C1)
Using (C1), one otains:
Kgeom|D5 ∼
r22ζ
r1
+
r2(δz1 + δz2 + c.c.)
V 136
+ r2
((δz1)
2 + (δz2)
2 + δz1δz2 + c.c.)
V 118
+ r2
(|δz1|2 + |δz2|2 + δz1δ¯z2 + δz2δ¯z1
V 118
+ ...
(C2)
•
−2ln
[(
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯)
+µ3
{
V 118 + V 136 (δz1 + δz2) + (δz1)2 + (δz2)2 + δz1δz2 + V
1
36 (δz1 + δz2 + c.c.) + |δz1|2 + |δz2|2 + δz1δ¯z2 + δz2δ¯z1)
}
+iκ24µ7C11¯
[
V− 12 + V− 14 (δa1 + δ¯a1) + |δa1|2
]
−γ
[
ζr22
r1
+ r2
(δz1 + δz2 + c.c.)
V 136
+ r2
(|δz1|2 + |δz2|2 + (δz1)2 + (δz2)2 + δz1δz2 + c.c.+ δz1δ¯z2 + δz2δ¯z1
V 118
]) 3
2
−
(
TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3
{
V 118 + V 136 (δz1 + δz2) + (δz1)2 + (δz2)2 + δz1δz2 + V 136 (δz1 + δz2 + c.c.)
+|δz1|2 + |δz2|2 + δz1δ¯z2 + δz2δ¯z1)
}
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−γ
[
ζr22
r1
+ r2
(δz1 + δz2 + c.c.)
V 136
+ r2
(|δz1|2 + |δz2|2 + (δz1)2 + (δz2)2 + δz1δz2 + c.c.+ δz1δ¯z2 + δz2δ¯z1
V 118
]) 3
2
+
∑
β
n0βf(Ga, G¯a; τ, τ¯ )
]
∼ −2ln
[∑
β
n0βf(Ga, G¯a; τ, τ¯ ) +
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TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V
1
18 + iκ24µ7C11¯V−
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2 − γ
(
r2 +
r22ζ
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)} 3
2
−
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r2 +
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r1
)} 3
2
]
+(δz1 + δz2 + δ¯z1 + δ¯z2)
(
µ3V
1
36
[√√√√TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V− 12 − γ
(
r2 +
r22ζ
r1
)
−
√√√√TS(σS , σ¯S ;Ga, G¯a; τ, τ¯) + µ3V 118 − γ
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r2 +
r22ζ
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+γr2V−
1
36
[√√√√TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V− 12 − γ
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r2 +
r22ζ
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)
−
√√√√TS(σS , σ¯S ;Ga, G¯a; τ, τ¯) + µ3V 118 − γ
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r2 +
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+
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δA1 + δA¯1
)(
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1
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√√√√TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V− 12 − γ
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r2 +
r22ζ
r1
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|δz1|2 + |δz2|2 + δz1δ¯z2 + δz2δ¯z1
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(µ3V
1
36 )2
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1√
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
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− 1√
TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
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r2 +
r22ζ
r1
)
]
+(γr2V−
1
36 )2
[√√√√TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V− 12 − γ
(
r2 +
r22ζ
r1
)
−
√√√√TS(σS , σ¯S ;Ga, G¯a; τ, τ¯) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)]
+µ3γr2
[
1√
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)
− 1√
TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)
]
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+µ3
[√√√√TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V− 12 − γ
(
r2 +
r22ζ
r1
)
−
√√√√TS(σS , σ¯S ;Ga, G¯a; τ, τ¯) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)])
+|A1|2
{
iκ24µ7C11¯V−
1
2√
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)
+iκ24µ7C11¯
√√√√TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V− 12 − γ
(
r2 +
r22ζ
r1
)}
+
(
δz1δA¯1 + δz2δA¯1 + δz¯1δA1 + δz¯2δA1
){ iκ24µ7V− 14µ3V 136√
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)
}]
(C3)
• Using (C1) and (C3), one arrives at (46), wherein:
Kziz¯j ∼
[
(µ3V 136 + γr2V− 136 )2
Ξ2
×


√√√√TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V− 12 − γ
(
r2 +
r22ζ
r1
)
−
√√√√TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)

2
+
(
(µ3V 136 )2 + µ3γr2
Ξ
){
1√
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)
− 1√
TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)
}
+
(γr2V− 136 )2 + µ3
Ξ
{√√√√TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V− 12 − γ
(
r2 +
r22ζ
r1
)
−
√√√√TS(σS , σ¯S ;Ga, G¯a; τ, τ¯) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)}]
;
KA1A¯1 ∼
{
(iκ24µ7C11¯V−
1
4 )2
Ξ
√
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)
+
iκ24µ7C11¯
Ξ
√√√√TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V− 12 − γ
(
r2 +
r22ζ
r1
)
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+(
iκ24µ7C11¯V−
1
4
√
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
))2
Ξ2
}
;
KziA¯1 ∼
{
(iκ24µ7C11¯V−
1
4 )(µ3V 136 )
Ξ
√
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)
+
iκ24µ7C11¯V−
1
4 (µ3V 136 + γr2V− 136 )
√
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)
Ξ2
×

√√√√TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V− 12 − γ
(
r2 +
r22ζ
r1
)
−
√√√√TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)};
(C4)
and
Ξ ≡
(
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V
1
18 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)) 3
2
−
(
TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)) 3
2
+
∑
β
n0βf(Ga, G¯a; τ, τ¯). (C5)
D First and Second Derivatives of KˆZiZ¯i and KˆA˜1 ¯˜A1 and First Derivatives
of detKˆij¯ with respect to Closed String Moduli σ
α,Ga
The first and second derivatives of KˆZiZ¯i and KˆA˜1 ¯˜A1 are relevant to the calculation of the soft SUSY breaking
parameters in section 5.
We can show that:
∂σαKˆZiZ¯i ∼
(µ3V 136 + γr2V− 136 )
√
Tα(σα, σ¯α;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)
Ξ2
×
{
1√
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)
− 1√
TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)
}
+
(µ3V 136 + γr2V− 136 )(
Tα(σα, σ¯α;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)) 3
2
Ξ
+
√
Tα(σα, σ¯α;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)(
(γr2V− 136 )2 + µ3
)
Ξ2
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(
(γr2V− 136 )2 + µ3
)
Ξ
√
Tα(σα, σ¯α;Ga, G¯a; τ, τ¯) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
) ∼ V− 3518 ;
∂GaKˆZiZ¯i ∼
(µ3V 136 + γr2V− 136 )
Ξ2
×
[∑
β
kan0βsin(...) + (Ga, G¯a)
{√√√√TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V− 12 − γ
(
r2 +
r22ζ
r1
)
−
√√√√TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)}]
×
{
1√
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)
− 1√
TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)
}
(
(γr2V− 136 )2 + µ3
)
Ξ2
×
[∑
β
kan0βsin(...) + (Ga, G¯a)
{√√√√TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V− 12 − γ
(
r2 +
r22ζ
r1
)
−
√√√√TS(σS , σ¯S ;Ga, G¯a; τ, τ¯) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)}]
×
{√√√√TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V− 12 − γ
(
r2 +
r22ζ
r1
)
−
√√√√TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)}
∼ V 4136 . (D1)
Hence,
∂σB σ¯BKˆZiZ¯i ∼
(µ3V 136 + γr2V− 136 )
√
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)
Ξ3
×
{
1√
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)
− 1√
TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)
}
+
(µ3V 136 + γr2V− 136 )
Ξ
(
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
))
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×
{
1√
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)
− 1√
TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)
}
(µ3V 136 + γr2V− 136 )
Ξ2
(
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
))
(µ3V 136 + γr2V− 136 )
Ξ
(
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)) 5
2
+
(
µ3 +
{
γr2V− 136
})
Ξ2
+
(
µ3 +
{
γr2V− 136
}) [
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)] 3
2
Ξ3(
µ3 +
{
γr2V− 136
})
Ξ2
+
(
µ3 +
{
γr2V− 136
})
Ξ
[
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)] 3
2
∼ V− 1918 ∼ ∂σS σ¯SKˆZiZ¯i ;
∂σB ∂¯σ¯SKˆZiZ¯i ∼
(µ3V 136 + γr2V− 136 )
Ξ3
××
√√√√TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V− 12 − γ
(
r2 +
r22ζ
r1
)√√√√TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)
×
{
1√
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)
− 1√
TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)
}
+
(µ3V 136 + γr2V− 136 )
Ξ2
[
TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)]
√√√√√√TB(σ
B , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)
TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)
+
(µ3V 136 + γr2V− 136 )
Ξ2
[
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)]
√√√√√√TS(σ
S , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)
+
(µ3V 136 + γr2V− 136 )
√
TS(σS , σ¯S ;Ga, G¯a; τ, τ¯) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)
Ξ2
(
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)) 3
2
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+(
µ3 +
{
γr2V− 136
})√
TS(σS , σ¯S ;Ga, G¯a; τ, τ¯) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)
Ξ3
×
[
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V
1
18 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)]
+
(
µ3 +
{
γr2V− 136
})
Ξ2
√√√√√√TB(σ
B , σ¯B ;Ga, G¯a; τ, τ¯) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)
TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)
∼ V−2;
∂σα ∂¯G¯aKˆZiZ¯i ∼
(
µ3V 136 + γr2V− 136
)√
Tα(σα, σ¯α;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)
V 56
Ξ3
×
{
1√
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)
− 1√
TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)
}
+
(
µ3V 136 + γr2V− 136
)
V 56
Ξ2
[
Tα(σα, σ¯α;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)] 3
2
+
(
Tα(σα, σ¯α;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)) (
µ3 +
{
γr2V− 136
})
V 56
Ξ3
+
(
µ3V 136 + γr2V− 136
)
V 56
Ξ2
√
Tα(σα, σ¯α;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
) ∼ V− 4336 ;
∂Ga ∂¯G¯aKˆZiZ¯i ∼
(
(µ3V 136 + γr2V− 136 )
)
Xi3
×
[∑
β
kan0βsin(...) + (Ga, G¯a)
{√√√√TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V− 12 − γ
(
r2 +
r22ζ
r1
)
−
√√√√TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)}]2
×
{
1√
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)
− 1√
TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)
}
+
(
µ3V 136 + γr2V− 136
)
Ξ2
48
×
[∑
β
n0βcos(...)k
akb + δab
{√√√√TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V− 12 − γ
(
r2 +
r22ζ
r1
)
−
√√√√TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)}]
×
{
1√
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)
− 1√
TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)
}
+
(
µ3 +
{
γr2V− 136
})
Ξ3
×
[∑
β
kan0βsin(...) + (Ga, G¯a)
{√√√√TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V− 12 − γ
(
r2 +
r22ζ
r1
)
−
√√√√TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)}]2
×
{√√√√TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V− 12 − γ
(
r2 +
r22ζ
r1
)
−
√√√√TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)}
+
(
µ3 +
{
γr2V− 136
})
Ξ2[∑
β
n0βcos(...)k
akb + δab
{√√√√TB(σB , σ¯B ;Ga, G¯a; τ, τ¯) + µ3V 118 + iκ24µ7C11¯V− 12 − γ
(
r2 +
r22ζ
r1
)
−
√√√√TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)}]
×
{√√√√TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V− 12 − γ
(
r2 +
r22ζ
r1
)
−
√√√√TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)}
∼ V− 3536 . (D2)
Similarly,
∂σB KˆA˜1 ¯˜A1 ∼
V 116
Ξ
(
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)) 3
2
+
V 116
Ξ2
∼ V 34 ,
∂σS KˆA˜1 ¯˜A1 ∼
V 116
Ξ2
√√√√√√TB(σ
B , σ¯B ;Ga, G¯a; τ, τ¯) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)
TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
) ∼ V− 16 ;
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∂GaKˆA˜1 ¯˜A1 ∼
V 116
Ξ2
√
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)
×
[∑
β
kan0βsin(...) + (Ga, G¯a)
{√√√√TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V− 12 − γ
(
r2 +
r22ζ
r1
)
−
√√√√TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)}]
∼ V 2336 , (D3)
from where one concludes:
∂σB ∂¯σ¯B KˆA˜1 ¯˜A1 ∼
V 116
Ξ2
(
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
))
+
V 116
Ξ
(
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)) 5
2
+
V 116
√
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)
Ξ3
∼ V 2536 ;
∂σS ∂¯σ¯SKˆA˜1 ¯˜A1 ∼
V 116
(
TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
))
√
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)
+
V 116
Ξ
√(
TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
))(
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
))
∼ V 79 ;
∂σB ∂¯σ¯SKˆA˜1 ¯˜A1 ∼
V 116
√
TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)
Ξ2
(
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)) 3
2
+
V 116
√
TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)
Ξ3
∼ V− 29 ;
∂σB ∂¯G¯aKˆA˜1 ¯˜A1 ∼
V 116 + 56
Ξ2
(
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)) 3
2
+
V 116 + 56
Ξ3
∼ V 712 ;
∂σS ∂¯G¯aKˆA˜1 ¯˜A1 ∼
V 116 + 56
Ξ3
×
√√√√√√TB(σ
B , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)
TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
) ∼ V− 13 ;
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∂Ga ∂¯G¯aKˆA˜1 ¯˜A1 ∼ V
29
36 . (D4)
In the above
(
iκ24µ7C11¯V−
1
4
)2 ∼ V 116 .
Now,
det
(
Kˆij¯
)
=
(
KˆZ1Z¯1
)2 (
KˆA˜1 ¯˜A1
)
∼
[((µ3V 136)2 + µ3γr2
)
Ξ
×
{
1√
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)
− 1√
TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)
}
+
((
γr2V− 136
)2)
Ξ
×
{√√√√TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V− 12 − γ
(
r2 +
r22ζ
r1
)
−
√√√√TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)}]2
×
(
iκ24µ7C11¯V−
1
4
)2
Ξ
√
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
) ∼ V− 4136 . (D5)
Hence, we see that:
∂σBdet
(
Kˆij¯
)
∼ V
11
6
Ξ4
×
[
V 118
{
1√
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)
− 1√
TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)
}
+µ3
{√√√√TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V− 12 − γ
(
r2 +
r22ζ
r1
)
−
√√√√TS(σS , σ¯S ;Ga, G¯a; τ, τ¯) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)}]2
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+
V 116
Ξ3
[
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)] 32
×
[
V 118
{
1√
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)
− 1√
TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)
}
+µ3
{√√√√TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V− 12 − γ
(
r2 +
r22ζ
r1
)
−
√√√√TS(σS , σ¯S ;Ga, G¯a; τ, τ¯) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)}]2
+
V 116
Ξ3
√
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)
×
[
V 118
{
1√
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)
− 1√
TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)
}
+µ3
{√√√√TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V− 12 − γ
(
r2 +
r22ζ
r1
)
−
√√√√TS(σS , σ¯S ;Ga, G¯a; τ, τ¯) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)}]
×
[
V 118(
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)) 3
2
+
µ3√
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)
]
∼ V− 4336 ;
∂σSdet
(
Kˆij¯
)
∼
V 116
√
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)
Ξ4
√
TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)
×
[
V 118
{
1√
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)
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− 1√
TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)
}
+µ3
{√√√√TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V− 12 − γ
(
r2 +
r22ζ
r1
)
−
√√√√TS(σS , σ¯S ;Ga, G¯a; τ, τ¯) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)}]2
+
V 116
Ξ3
√
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)
×
[
V 118
{
1√
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)
− 1√
TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)
}
+µ3
{√√√√TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V− 12 − γ
(
r2 +
r22ζ
r1
)
−
√√√√TS(σS , σ¯S ;Ga, G¯a; τ, τ¯) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)}]
×
[
V 118(
TS(σS , σ¯S ;Ga, G¯a; τ, τ¯) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)) 3
2
+
µ3√
TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)
]
∼ V− 4336 ;
∂Gadet
(
Kˆij¯
)
∼ V
11
6
Ξ4
×
[∑
β
n0βk
asin(...) + (Ga, G¯a)×


√√√√TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V− 12 − γ
(
r2 +
r22ζ
r1
)
−
√√√√TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)

]
×
[
V 118
{
1√
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)
− 1√
TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)
}
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+µ3
{√√√√TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V− 12 − γ
(
r2 +
r22ζ
r1
)
−
√√√√TS(σS , σ¯S ;Ga, G¯a; τ, τ¯) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)}]2
+
V 116 (Ga, G¯a)
Ξ3
(
Tα(σα, σ¯α;Ga, G¯a; τ, τ¯) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)) 3
2
×
[
V 118
{
1√
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)
− 1√
TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)
}
+µ3
{√√√√TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V− 12 − γ
(
r2 +
r22ζ
r1
)
−
√√√√TS(σS , σ¯S ;Ga, G¯a; τ, τ¯) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)}]2
+
V 116
Ξ3
√
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)
×
[
V 118
{
1√
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)
− 1√
TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)
}
+µ3
{√√√√TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V− 12 − γ
(
r2 +
r22ζ
r1
)
−
√√√√TS(σS , σ¯S ;Ga, G¯a; τ, τ¯) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)}] (Ga, G¯a)
×
[
V 118(
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)) 3
2
+
µ3√
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)
]
∼ V− 10936 −ga. (D6)
54
Using (D6) and (66), one obtains:
Fm∂m ln det
(
Kˆij¯
)
∼ m 3
2
. (D7)
E First and Second Derivatives of Z with respect to Closed String Mod-
uli σα,Ga
From (46), one sees:
Zz1z2 ∼
(µ3V 136 + γr2V− 136 )2
Ξ2
×


√√√√TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V− 12 − γ
(
r2 +
r22ζ
r1
)
−
√√√√TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)
2
;
ZA1A1 ∼
(
iκ24µ7C11¯V−
1
4
√
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
))2
Ξ2
;
ZziA1 ∼
{iκ24µ7C11¯V− 14 (µ3V 136 + γr2V− 136 )
√
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)
Ξ2

√√√√TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V− 12 − γ
(
r2 +
r22ζ
r1
)
−
√√√√TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)}.
(E1)
The first and second derivatives of Z are also relevant to the evaluation of the soft SUSY breaking parameters
in section 5. The same are given as under:
∂σαZZiZi ∼
V 118
(√
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)
−
√
TS(σS , σ¯S ;Ga, G¯a; τ, τ¯) + µ3V 118 − γ
(
r2 +
r22ζ
r1
))
Ξ2
+
V 118
(√
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)
−
√
TS(σS , σ¯S ;Ga, G¯a; τ, τ¯) + µ3V 118 − γ
(
r2 +
r22ζ
r1
))2
Ξ3
×
√√√√Tα(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)
∼ V− 2312 ;
∂GaZZiZi ∼
V 118
(√
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)
−
√
TS(σS , σ¯S ;Ga, G¯a; τ, τ¯) + µ3V 118 − γ
(
r2 +
r22ζ
r1
))2
Ξ3
×
[∑
β
n0βk
asin(...) + (Ga, G¯a)×
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

√√√√TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V− 12 − γ
(
r2 +
r22ζ
r1
)
−
√√√√TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)

]
∼ V− 754 . (E2)
∂σα ∂¯σ¯β¯ZZiZi ∼
V 118
Ξ2
(
Tα(σα, σ¯α;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
))
+
V 118
(√
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)
−
√
TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
))
Ξ3
×
√√√√Tα(σα, σ¯α;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V− 12 − γ
(
r2 +
r22ζ
r1
)
∼ V− 2627 ;
∂Ga ∂¯σ¯αZZiZi ∼
V 118
Ξ2

(Ga, G¯a)√
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
) −
(Ga, G¯a)√
TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)

+
V 118
(√
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)
−
√
TS(σS , σ¯S ;Ga, G¯a; τ, τ¯) + µ3V 118 − γ
(
r2 +
r22ζ
r1
))
Ξ3
×V 56ka ∼ V− 2536 ka;
∂Ga ∂¯G¯aZZiZi ∼
V 118
(√
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)
−
√
TS(σS , σ¯S ;Ga, G¯a; τ, τ¯) + µ3V 118 − γ
(
r2 +
r22ζ
r1
))
Ξ3
×
(
Ga,Gb
)
kaV
5
6 +
V 118
(√
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)
−
√
TS(σS , σ¯S ;Ga, G¯a; τ, τ¯) + µ3V 118 − γ
(
r2 +
r22ζ
r1
))2
Ξ3
×Vkakb +
V 118
(√
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)
−
√
TS(σS , σ¯S ;Ga, G¯a; τ, τ¯) + µ3V 118 − γ
(
r2 +
r22ζ
r1
))2
Ξ4
×kakbV
5
6 ∼ V− 179 .
(E3)
Similarly,
∂σBZA1A1 ∼
V 116
Ξ2
+
V 116
(
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)) 3
2
Ξ3
∼ V− 16 ;
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∂σSZA1A1 ∼
V 116
(
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
))
Ξ3
×
√√√√(TS(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V− 12 − γ
(
r2 +
r22ζ
r1
))
∼ V− 1312 ;
∂GaZA1A1 ∼
V 116 (Ga, G¯a)
Ξ2
+
V 116
(
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
))
Ξ3
×
[∑
β
n0βk
asin(...) + (Ga, G¯a)×


√√√√TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V− 12 − γ
(
r2 +
r22ζ
r1
)
−
√√√√TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)

]
∼ V− 16−ga , (E4)
where Ga ∼ V−ga , 0 < ga < 19 , and
∂σB ∂¯σ¯BZA˜1A˜1 ∼
V 116
√
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)
Ξ3
+
V 116
(
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
))2
Ξ4
∼ V−−4136 ;
∂σS ∂¯σ¯SZA˜1A˜1 ∼
V 116
(
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
))
Ξ3
√
TS(σS , σ¯S ;Ga, G¯a; τ, τ¯) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)
+
V 116
(
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
))
Ξ3
√
TS(σS , σ¯S ;Ga, G¯a; τ, τ¯) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)
+
V 116
(
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
))(
TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
))
Ξ4
∼ V− 4136 ;
∂σB ∂¯σ¯SZA˜1A˜1 ∼
V 116
√
TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)
Ξ3
+
V 116
(
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)) 3
2
√
TS(σS , σ¯S ;Ga, G¯a; τ, τ¯ ) + µ3V 118 − γ
(
r2 +
r22ζ
r1
)
Ξ4
∼ V− 4136 ;
∂σB ∂¯G¯aZA˜1A˜1 ∼
V 116 (Ga, G¯a)
√
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)
Ξ3
57
+
V 116 + 56 ka
Ξ3
+
V 116 + 56ka
(
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
)) 3
2
Ξ4
∼ V− 136 ;
Similarly, ∂σS ∂¯G¯aZA˜1A˜1 ∼ V−
5
4 ;
∂Ga ∂¯G¯bZA˜1A˜1 ∼
V 116 δab
Ξ2
+
V 116 + 56 (Ga, G¯a) kb
Ξ3
+
V 116 +1
(
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
))
Ξ3
+
V 116 + 106 kakb
(
TB(σB , σ¯B ;Ga, G¯a; τ, τ¯ ) + µ3V 118 + iκ24µ7C11¯V−
1
2 − γ
(
r2 +
r22ζ
r1
))
Ξ4
∼ V− 49 . (E5)
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